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(54) TlOe: DIAZEPINO-INDOLES AS PHOSPHODIESTERASE IV INHIBITORS 

(54) Titre: DIAZEPINO-INDOLES INHmiTEURS DE PHOSPHODIESTERASES 4 

(57) Abstract 

Diazepino-indoles of formula (I), wherein A 
is mono- to trisubstituted aryl or heteroaryl, and 
B is an -ORi or -NR2R3 group where Ri, R2 and 
R3 are particularly hydrogen, and racemic forms, 
enantiomers and pharmaceutically acceptable salts 
thereof, as phosphodiesterase IV inhibitors, are dis- 
closed. 

(57) Abr^g^ 




(I) 



Djaz6pino-mdoles de formule (I) dans laquelle 
A est aryle ou h^t^roaryle mono- h trisubstitu^, B 
est un gnoupe -OR| ou -NR2R3, otx Ri, R2, R3 sont notamment hydrogfenes. leurs formes rac6miques, leurs 6nantiomftres, et leurs sels 
phaimaceutiquement acceptables; qui sont inhibiteurs de phosphodiesterases 4. 



Diazepinoindoles as phosphodiesterase 4 inhibitors 

Field of the invention 

The present invention relates to novel 

[ 1, 4]diazepino[6^7^1"hl] indoles which are useful for the 

5 preparation of medicinal products which make it possible 
to treat complaints that fall within the scope of a 
therapy by a phosphodiesterase 4 inhibitor. These medici*~ 
nal products are useful in particular as antiinflammatory 
agents, antiallergic agents, bronchodilators or antiasth- 
10 matic agents, and are devoid of secondary effects on the 
heart or digestive system. 

Technical background of the invention 

In contrast to the properties disclosed by the 
present invention, the prior art is based on 

15 [l,4]diazepino[6,7,l-hi]indoles for which antagonist 
properties with respect to cholecystokinin (CCK) and/or 
gastrin are described, and which are proposed for com- 
plaints of the digestive tracts stomach, intestine, 
pancreas and gall bladder, and in particular eating 

2 0 disorders. 

Thus, European patent application No. 340,064 
describes compounds of formula: 




NHCO — Ar 



in which Ri and are hydrogen or halogen, Ar is indolyl 
or phenyl and n is 2 or 3. These, compounds are peripheral 
cholecystokinin antagonists (CCKa) . 



European patent application no. 360,079 describes 
peripheral and/or central dCK-antagonist compounds of 
formula: 




MH 



in which is optionally substituted aryl, x is oxygen 
or methylene optionally substituted with a lower alkyl 
radical, A is a bond or lower alkylene which may have 
one or more lower alkyl groups, and is hydrogen or 
acyl- French patent No. 2275719 describes the 

application of diazepinpindole derivatives of formula 



10 




• • • 

• • • 



in which R is hydrogen, lower alkyl or lower alXoxy, and 
A is an optionally substituted aromatic ring, some of 
which derivatives are novel, for the preparation of 
medicinal products intended for the treatment of com- 
IS plaints that fall within the scope of a phosphodiesterase 
4 inhibitor. 

As regards the inhibition of phosphodiesterases, 
it is recalled that adenosine 3', S' -cyclic monophosphate 
(CAM?) is a \tbiquitous intracellular second messenger , 
20 which is intermediate betveen a first messenger (hormone, 
neurotransmitter or autacoid) and the functional 
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responses of the cell: the first messenger stimulates the 
enzyme responsible for the synthesis of c3VMF; depending 
on the cells under consider at; ion, the cAMP then becomes 
involved in a great many functions : metabolic, contrac- 
tile or secretory. 

The effects of cAMP come to an end when it is 
_dBgradBd by_ cyciic nmiiLLeoJiid^e phosphodxesterases-,- 



intracellular enzymes which catalyze its hydrolysis into 
inactive adenosine 5 ■ -monophosphat^e, 
10 In manunals, it is possible to distinguish at 

least five major classes of cyclic nucleotide phospho- 
diesterase (PDE) niimbered from l to 5 according to their 
structure, their kinetic behavior, their substrate 
specificity or their sensitivity to effectors (Beavo J.A, 
15 et al. (1990) Trends Pharmacol, Sci, 1±, 150-155. Beavo 
J. A. et al. (1994) Molecular Pharmacol. 46, 399-405). The 
PDEs 4 are specific for cAMP. 

Nonspecific phosphodiesterase inhibitor compounds 
are known, these inhibiting several classes of enzymes. 
2 0 This is the case for certain methylxanthines such as 
theophylline. These compounds have a low therapeutic 
index, in particular on account of their action on types 
of PDB present in cells other than the target cells, in 
contrast, certain classes of PDE can be selectively 
25 inhibited by various pharmacological agents: hydrolysis 
of the cyclic nucleotides is slowed down and thus their 
concentration increases only in those cells containing 
the type of PDE which is sensitive to the inhibitor. 

Particular interest is evident for phosphodi- 
30 esterasies 4 (PDEs 4), which have been identified in many 
tissues including the central nervous system, the heart, 
vascular endothelium, vascular smooth muscle and that of 
the airways and the myeloid and lymphoid lines. 

An increase in cAMP in the cells involved in 
35 inflammation inhibits their activation: inhibition of the 
synthesis and of the release of mediators at the level of 
mastocytes, monocytes, eosinophil and basophil poly- 
morphonuclear leukocytes, inhibition of chemotaxis and of 
the degranulation of neutrophil and eosinophil poly- 



morphonuclear leukocytes and inhibition of lymphocyte 
division and dif f erentiation, 

cytokines, in particular TNF and interleukins^ 
produced by various types of leukocyte such as T lympho- 
cytes and eosinophil polymorphonuclear leukocytes, play 
an important role in the triggering of inflammatory 



manifestations, in particular in response to s-bimulation 
by an allergen in the respiratory pathways. 

Moreover, cAMP reduces the tonus of smooth muscle 
10 fibers in the airways; PDB 4 inhibitors bring about 
bronchial relaxation. 

It is thus possible to expect that PDE 4-selec- 
tive inhibitors will possess a therapeutic activity as 
antiinflammatory, antiallergic and bronchodilatory 
15 medicinal products, and in tbe treatment of asthma, in 
which infiltration of the airways by inflammatory cells 
and bronchoconstriction are observed. 

Theophylline has been very widely used for a long 
time in the treatment of asthma, and, although its 
20 mechanism of action is complex, the inhibition of PDB 
contributes to its action, but also to certain undesir- 
able effects such as nausea and headaches. 

In recent years, extensive research has been 
carried out in order to obtain and develop powerful PDE 4 

2 5 inhibitors. This proves to be difficult on account of the 

fact that many potential PDE 4 inhibitors are not devoid 
of activity on the phosphodiesterases of other classes. 

At present, the lack of selectivity of PDB 4 
inhibitors thus represents a considerable problem, given 

3 0 the extent of the functions regulated by cAMP, the said 

problem still needing to be considered as poorly resolved 
or unresolved. There is thus a need for powerful and 
selective PDE 4 inhibitors, that is to say inhibitors 
which have no action with respect to the PDEs beilonging 
3 5 to other classes. 

Thus, rolipram (INN) , a pyrrolidone derivative 
first synthesized in 1975, is considered to be represen- 
tative of PDB 4-specific inhibitors. Many compounds 
related, to rolipram have been synthesized with a view to 



their use as PDE 4 inhibitors. In vitro, rolipram inhi- 
bits the activity of inflammatory cells in rodents: 
inhibition of the synthesis of mediators by mastocytes, 
eosinophil and basophil polymorphonuclear leukocytes and 
monocytes; inhibition of chemotaxis and of the degranula- 
tion of polymorphonuclear leukocytes . Rolipram has been 
propas^jd — as — an — antidepxes-S-aitt^;^ — _baw-ever-, — JLts — use — 
accompanied by undesirable effects of the type involving 
nausea and vomiting. 

Summary of the invention 

Now, overcoming the difficulties reported in the 
prior art, novel [l,4]dia!zepino[6, 7, l-hi] indole deriva- 
tives have now been found , which are powerful PDE 4 
inhibitors at concentrations at which they have little or 
no action on the other classes of PDE, 

The invention relates to the diazepinoindoles of 
formula (I) 




in which: 

- A is aryl or nitrogen-containing heteroaryl, each 
optionally being substituted with one to three groups 
chosen independently from halogen, lower alkyl, lower 
haloalkyl, lower alkoxy, cycloalkylpxy, amino and lower 
alkylcarbonylamino or alkyloxycarbonylamino; 

- B is a hydroxyl or amino radical, itself optionally 
substituted, 

a process for their preparation and their application to 
the production of medicinal products intended to treat 



complaints that fall within the scope of a therapy by the 
inhibition of PDE 4 . 



15 



20 



25 



Detailed description of the invention 

The invention is directed towards the diazepino- 
indoles of formula (I) 



in which: 

- A is aryl or nitrogen-containing heteroaryl/ each 
optionally being substituted with one to three groups 
chosen independently from lialogen, lower alkyl, lower 
haloalkyl, lower alkoxy, cycloalkyloxy^ amino and lower 
alkylcarbonylamino or alkyloxycarbonylamino; 

- B iss 

l*») -ORj., Ri being -H or R4, 

2'') -NR2R3/ R2 being -C<IIH)NH2 and R3 being -H^ 
3«) -NRgRa, R2 being R4 and R3 being -H, 

4") -NR2R3, R2 and R3 independently being -H or lower 
alkyl^ or . 
5*») - N-R^-R^ , R2 aiid R3 forming, together with the nitro- 
gen atom to which they are attached, a saturated five- to 
s even-member ed heterocycle which may comprise, as second 
hetero atom not attached directly to the nitrogen atom, 
an oxygen, a sulfur or a nitrogen; 

- R4 is: 

1*) -CH2-CO2H, 

2*>) -CO-(CH2)p-C02H, 

30) -CO-A, Where A has the definition indicated above, 
4*») -CO-CH = CH-CO2H, 

5«) -CO-(CH2)„-CH3, n being an integer equal to or 




( I ) 



greater than 0 and less than or equal to 18, 
6 ) -CO" ( CHg-O-CHa ) p-,CH2"0-CH3 , 
1 « ) -CO- ( CHg-O-CHa ) p-COaH , 

8<>) - (CH2)p-NRsR6/ Rs and Rg independently being -H or 
lower alkyl, or 

9**) - (CH2)p-NrSs=S:6/ and Rg forming, together with the 
nitrLogeii — a^tom — to — which — they — are — a4::^tached-|. — a — saturauted— 
five- to seven-m ember ed heterocycle which may comprise, 
as second hetero atom not attached directly to the 
nitrogen atom, an oxygen, a sulfur or a nitrogen; 

- p is an integer eqfual to 2 , 3 or 4; 

the racemic forms and isomers thereof, in particular 
those of configuration determined by carbon 3 of the 
d ia z ep ino indo 1-4 -one ring , 

as well as the pharmaceutically acceptable salts thereof. 
In the following and in the foregoing text: 

- aryl is understood to refer to phenyl or naphthyl; 

- nitrogen-containing heteroaryl is understood to refer 
to a non-saturated monocycle or polycycle containing at 
least one nitrogen atom and, preferably, five- to seven-r 
membered heteromonocycles containing from 1 to 4 nitrogen 
atoms, or alternatively non-saturated condensed hetero- 
cycles containing from 1 to 4 nitrogen atoms, optionally 
methylated or ethylated on a positively charged nitrogen 
atom; 

- halogen is understood to refer to fluorine, chlorine, 
bromine or iodine; 

- as regards radicals comprising an alkyl sequence^ lower 
is understood to mean that the alkyl is linear or 
branched and contains from one to four carbon atoms, or 
alternatively represents the cyclopropylmethyl radical; 

- cycloalkyl is understood to refer to cyclopropyl, 
cyclobutyl, cyclopentyl or cyclohexyl groups; 

- haloalkyl is understood to refer to a mono-, di- or 
tr ihaloalkyl . 

A review of the salts acceptable in pharmacy will 
be found in J. Pharm. Sci,, 1977, 66, 1-19« The expres- 
sion pharmacologically acceptable salt of a compound of 
formula (I) having a basic part should be understood to 
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refer to the addition salts of the compounds of formula 
(I) which may be formed from non-toxic inorganic or 
organic acids such as, for example, hydrobromic, hydro- 
chloric, sulfuric, phosphoric, nitric, acetic, succinic, 
5 tartaric, citric, maleic, hydroxymaleic, benzoic, 
fumaric, toluenesulf onic and isethionic acid salts, and 

the like. The various quaternary ammonium salts of tlie~ 

derivatives (I) are also included in this category of 
compounds of the invention. In addition, the expression 

10 pharmacologically acceptable salt of a compound of 
formula (I) having an acidic part is understood to refer 
to the usual salts of the compounds of formula (I) which 
may be formed from non-toxic inorganic or organic bases 
such* as, for example, the hydroxides of alkali metals and 

15 alkaline-earth metals (sodiim, potassivim, magnesium and 
calcium) , amines (dibenzylethylenediamine, trimethyl- 
- amine, piperidine, pyrrolidine, benzylamine and the like) 
or alternatively quaternary ammonium hydroxides such as 
tetramethylammonium hydroxide, 

2 0 The diazepinoindoles of formula (I) in which the 

asymmetric carbon atom in an alpha position relative to 
the "3-one" carbonyl of the diazepine ring possesses the 
(R) absolute configuration according to the Cahn-Ingold- 
Prelog rule are generally preferred, 

2 5 A group of compounds (I) in which B is ORi or 

NR2R3 with Rj., R2 and R3 representing hydrogen is 
preferred. 

Another set of products (I) consisting of those 
in which A is aryl substituted with 1 to 3 groups inde- 
30 pendently chosen from halogen, amino, lower alkyloxy- 
carbonylamino or alkoxy is advantageously preferred, as 
well as the set of products (I) in which A is monocyclic 
heteroaryl comprising from 1 to 2 nitrogen atoms or 
bicyclic heteroaryl comprising from 1 to 4 nitrogen 

3 5 atoms. 

More particularly, the following compounds <I) : 
•*{3R) -isoquinoline-3-carboxylic acid ( 9 -hydroxy- 4 -0x0- 1- 
pheny 1-3 ,4,6, 7- tetrahydro [1,4] diazepino [6,7, l-hi ] indol-3 - 




yl) amide 



OR) -4--t-butyloxycarbonylamino-N- (9-amino-4-oxo-l- 
phenyl-3, 4, 6, 7-tetrahydro[l, 4]diazepino[6, 7, 1-hi] inaol~3- 
yl)benzamide 

(3R) -4-amino-N- (9-amino-4-oxo-l"phenyl-3, 4 , 6, 7-tetra- 
5 hydro[l, 4)diazepino[6,7/ 1-hi] indol-3-yl) -3 ^ S-dichloro- 
benzamide 

= — C3^R1 -4-amino--N- (9-ainino-4-oxo-l-phenyl-3, 4/ 6^7-tetra- 

hydro [1,4 ] diazepino [6,7, i-hx] indol-3-yl) -5-chloro-2- 
methoxybenzamide 

10 - (3R) -N- (9-amino-4-oxo-l-phenyl-3, 4 , 6, 7-tetrahydro- 

[1, 4]diazepino [6,7, 1-hi] indol-3-yl) isonicotinainide 

- (3R) -s-t-butyloxycarbonylamino-N- (9-ainino-4— oxo-l- 
pheny 1-3 ,4,6,7 -tetrahydro [1,4] diazepino [6,7, 1-hi] indol-3- 
yi)l*sonicotinamide, and its addition salt with sulfuric 

15 acid, 

- (3R) -^isoquinoline-3-carboxylic acid (9-aminO"-4-oxo-l- 
pheny 1-3 ,4,6 ,7 - tetrahydro [1,4] diazepino [6,7, 1-hi] indol-3- 
yl) amide 

(3R) -quinoline~3-carboxylic acid (9-amino-4-oxo-l'- 
2 0 phenyl-3 , 4 , 6, 7 -tetrahydro [l, 4 ] diazepino [6,7, 1-hi] indol-3- 
yl) amide 

- (3R) -4, 7-dimethylpyrazolo[5, 1-c] [l,2,4]triazine-3- 
carboxylic acid ( 9-amino-4-oxo-l-phenyl-3 , 4 , 6, 7-tetra- 
hydro [1,4 ] diazepino [6,7, 1-hi] indol-3-yl) amide, 

25 - (3R) -4-amino-3, 5-dichlor6-N-(9-dimethylamino-4-oxo-l- 
phenyl-3 ,4,6,7 -tetrahydro [1,4] diazepino [6,7, 1-hi] indol-3- 
yl)benzamide, 

(3R) N- (9-amino-4-oxo-l-'phenyl-3, 4 , 6 , 7-tetr$ihydro- 
[1, 4] diazepino[6,7, 1-hi] indol-3-yl) -2- 

30 benzofuranecarboxamide, 

( 3R) 4,7 -dimethy 1-pyrazolo [5 , 1-c] [1,2,4] tr iazine-3 - 
carboxylic acid [4-oxo-l-pheny 1-9- (pyrrolidin-l-yl) - 
3, 4, 6, 7 -tetrahydro- [1, 4] diazepino [6,7 , 1-hi] ihdol-3-yl]- 
amide, 

35 are preferred. 



Another aspect of the invention is directed 
towards a process for the preparation of diazepinoindoles 
(I)^ which consists, as shown in Scheme 1: 



a) in order to obtain the compounds (Ij,) of formula (I) 
in which B is an -OH groups 



- in acylating an intermediate aminodiazepino- 
indole (lib) <5f formula (II)/ in which B is an -OH group , 
with a reactant (III) of formula Z-CO-A, in which A is as 
defined for (I) and IS represents a halogen, a hydroxy 1 

10 group, an aasido group, an imiidazol-1-yl group or a group 
-O-CO-Zi, it being possible for 2^ to be, besides A, a 
bulky alkyl or alkoxy radical containing from 3 to 
6 carbon atoms, or alternatively Z may be a group O-Zg, Zg 
being an aromatic group containing one or two rings 

15 substituted with one or more nitro or halo radicals, or 

- in demethylating an intermediate compound (I'c) 
of formula 



MeO 





C I'c ) 



with a boron or aluminum halide, or 

- in diazotizing, in a first step, a compound 
2 0 (le) of formula (I), in which B is an -NHg group, and then 
in hydrolyzing, in a second step, the intermediate 
diazonium salt, and which consists 

b) in order to obtain the compounds (I^) of formula (I) , 
in which B is an --NHg group: 
2 5 - in acylating a compound (lie) of formula (II), 

in which B is an -NHg group, with the reactant (III) 
defined above in a) / or 

in reducing the nitro radical of an inter- 
mediate compound (I'h) of formula 



- 12 - 




C I'd) 



by the action of a metal such as Zn or Sn in acidic 
medi\im, or that of a metal chloride or sulfide such as 
TiClj or Na^S, 

and^i^as shown in Scheme 2 which follows^ which consists: 




C lb] 



* v-ca-z 




( Ibb) 



».CH-CH-COOH 
= . [CH3)„.CH3 

= • (CH5-0-CH3)p-CH3-0-CH3 
= - CCHj -0-CH2.)o.CCdH 




-.CHj.COOH 



Scheme 2 



c) in order to obtain the compounds (Ibb) of formula (I) r 
in which B is a group -p-cd--V; V being a group chosen 
from: 

i) - A* as defined above in a) # 



ii) - {CH2)p-C02H/ where p is an integer equal to 2 ^ 3 or 

iii) - CH = CH-COgH, 

iv) - (CH2)„-CH3, where n is an integer equal to or 
5 greater than 0 and less than or equal to 18, 

V) - (CH2'-0-'CH2)p-CH2-0-CH3, Where p is an integer equal to 
~ T~, 3 or 4, or ; ; ~ 

vi) - (CH2-0-CH2)p-C02H, Where p is an integer equal to 2> 
3 or 4, 

10 in esterifying a compound (lb) defined in a), with a 
reactant (III') of formula V-CO-IS, in which Z has the 
meaning defined above in a), and which consists 

d) in order to obtain the compounds (ly,a) formula (I), 
in wAich B is a group 

15 R4 being chosen from: 

i) -CHa-COzH, 

ii) - (CHgjp-NRsRg, where R5 and Rg are independently -H or 
lower alkyl, or 

iii) -(CH2)p-N-Rs-R6, Where Rs and Rg form, together with 

2 0 the nitrogen atom to which they are attached, a hetero- 

cycle, 

in reacting a compound (Ij,), defined in a), with a strong 
base such as an alkali metal hydride, in order to form a 
phenate, which is reacted with a halide XR4; and, as 
25 shown in Scheme 3 which follows, this preparation process 
also consists: 

e) in order to obtain the compounds (lea) of formula (I), 
in which B is an -NH-C (NH) -NH^ group, in reacting a 
compound (I^) , defined in b) , with a guanylating agent 

3 0 such as cyanamide, and 

f ) in order to obtain the compounds (leb) formula (I) , 
in which B is a group -NH-CO-V, V having the meaning 
defined in c) , in amidating a compound (l^) / defined in 
b) , with a reactant (IIIMs V-CO-z defined in c) , and 

3 5 g) in order to obtain the compounds dec) formula (I) , 
in which B is a group -NH-Rg/ R being lower alkyl or a 
group R4 as defined in d) , in reacting a compound / 
defined in b) , in the presence of a strong base with an 
alkyl halide XRgr and 
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h) in order to obtain the compounds (I^d) of formula (i) , 
in which B is a group -NR2R3, and R3 being lower alkyls, 
in performing the reductive allcylation of a compound 
dec) f defined in g) , with an aldehyde R'gCHO, in which R'j 

5 is the immediately lower homolog of R3, and, lastly 

i) in order to obtain the compounds (lee) of formula (I), 
in which B is a group -N-Ry-R^ ^ R; , and R 3 formi ng_a. 

hetero cycle, 

in carrying out a cyclization by reaction of a compound 
10 de)/ defined in b) , with a reactant of formula 

X-(CH2)i-Q-(CH2)^-X» 
in which X and X% which may be the same or different, 
are halogens, Q is: 

- a 'single valency bond, and 1 and m are integers ranging 
15 from 1 to 3 with 1 + m greater -than or equal to 4 and 

less than or equal to 6, 

- an oxygen, a sulfur or a group ~NH~, in which case 1 
and m are integers ranging from 1 to 3 with 1 + m greater 
than or equal to 3 and less than or equal to 5, or, 

20 alternately, in alkylating an intermediate 
diazepinoindole (Ilf) of formula II wherein B is a group 
"-N-R2-R3, Rg and R3 forming witli the nitrogen atom a 
heterocycle, with a reactant (III) of formula SS-CO-A as 
previously defined. 
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More precisely, the preparation of diazepino- 
indoles of formula (I) uses, in particular, acylation 
reactions, in particular in order to obtain the compounds 
(lb) and (la) directly from the intermediate amines (IIj,) 
5 and (11^) (Scheme l) • Three processes, referred to ass A, 
B and C, are preferred in order to carry out this step, 

orhey are distinguished in particular by the nature of the 

acylating agent (III), of formula Z-CO-A, employed. Thus, 
Z represents, depending on the case: 

10 - a halogen X when, in the process "A", an acylating 
agent (1X1^) of formula X-CO-A is employed; 
- a pentaf luorophenyloxy group when, in the process "B", 
an acylating agent (Ilia) of formula CeFs-O-CO-A is 
employed; 

15 - a hydroxy 1 radical when, in the process "C", an acyla- 
ting agent (IIIc) of formula A-COOH is employed. 

According to these three processes, the acylation 
reaction is performed in an anhydrous organic solvent 
such as, for example, a chlorinated hydrocarbon such as 

2 0 dichloromethane or chloroform, a linear or cyclic oxide 
ether such as ' 1, 2-dimethoxyethane, tetrahydrofuran or 
dioxane, a polar aprotio solvent such as pyridine, 
dimethyl sulfoxide or dimethylformamide or any other 
suitable solvent, or alternatively a mixture of several 

25 of these solvents. 

Advantageously, the reaction is favorably dis- 
placed by addition of a base and/or a coupling agent such 
as an N,N* -disubstituted carbodiimide, N,N' -carbonyldi- 
imidazole or, preferably, O- [ (ethoxycarbonyl) cyanomethyl- 

30 amino3-N,N,N* ,N' -tetramethyluronium tetraf luoroborate or 
alternatively bromo-tris-pyrrolidinophosphonium hexa- 
f luorophosphate . 

The operating conditions of processes A, B and C 
are detailed at the start of the experimental chemical 

35 section. 

Scheme 1 presents two alternative routes of 
access to the compounds (lb): 

- one consists in O-demethylating, with a boron or 
aluminum halide, an intermediate compound (I'c) whose 



phenol function was protected by a methyl group; the 
preferred Lewis acid for this reaction is boron tri- 
bromide, in which case tlie process is performed at an 
initial temperature of between -70 and -20^C; 
5 - the other consists in diazotizing a compound with 
nitrous acid in the presence of inorganic acid and then, 
in a second step, in hydrolyzing, by heating, the diazo- 
nium salt obtained, preferably in the presence of a 
copper salt, 

10 Scheme 1 indicates that the compound (I^) can 

also be obtained by reduction of the nitro group of an 
intermediate compound d'^)/ particular with TiClg or 
Na^S . 

Scheme 2 shows the esterif ication process leading 
15 to the diazepinoindoles of formula (Itb) # which consists 
in reacting a product of formula (lb) with a carboxylic 
acid derivative of formula V-(CO)-Z, in which Z has the 
meaning indicated above and V has the meaning indicated 
in Scheme 2. 

2 0 An etherif ication process, represented in Scheme 

2 and leading to the diasjepinoindoles of f ormula (Ibc) r 
consists in reacting a product of formula (lb) with a 
strong base such as sodium hydride in order to form a 
phenate, which is reacted with an alkyl halide XR4, in 

2 5 which R4 is an alkyl radical substituted with a carboxy- 

lic acid function, in particular the -CHa-'COaH radical in 
a protected form, or alternatively R4 is an alkyl radical 
substituted with a terminal amine function, in particular 
the radical - (CH2)p-NR5R6, R5 and Rg independently being -H 

3 0 or lower alkyl, or R5 and forming, together with the 

nitrogen atom to which they are attached, a saturated 
five- to seven-membered heterocycle which may comprise, 
as hetero atom which is not directly attached to the 

j 

nitrogen atom, an oxygen, a sulfur or a nitrogen; and p 
35 being an integer equal to 2, 3 or 4. When R4 bears a 
carboxylic acid function, this function is protected: 
tert-butyl a-bromoacetate is used, for example; after 
reaction with the phenate, the product obtained is 
deprotected with trif luoroacetic acid in order to give 



the product (1^^) where R4 = -CHz-^COaH- 
Scheme 3 presents: 

- a process for the preparation of diazepino- 
indoies of formula (lea) f which consists in reacting a 

5 diazepinoindole of formula (X^) with cyanamide in aceto- 
nitrile; alternatively, N-amidinopyrazole or its 3,5- 
; d"imethyl derivative niay be used as guanylating agent; 

- a process for the preparation of diazepinoindo- 
les of formula deb)/ which consists in reacting a diaze- 

10 pinoindole (I^) with a carboxylic acid derivative of 
formula v-CCOj-Z in which Z has the meaning indicated 
above and V has the meaning indicated in Scheme 3, 
according to one of the processes A, B and G described 
above and, preferably, process C; 

15 - a process for the preparation of diazepino- 

indoles of formula (lec) / which consists in reacting a 
product of formula in the presence of a strong base 

such as sodium hydride in order to form an amide, which 
is reacted with an alkyl haliae XRg, in which has the 

2 0 meaning indicated in Scheme 3. When = R4 = -(CH2)p-- 
NRgRg, XR4 is used in the form of the hydrochloride; 

- a process for the preparation of diazepino- 
indoles of formula (l^d) / which consists in performing the 
reductive alkylation of a diazepinoindole (lec) / which is 

2 5 reacted with an aldehyde R'jCHO in which RS is the 

immediately lower homolog of R3, in the presence of 
formic or acetic acid and a hydride, preferably NaBH4 or 
NaBHaCN; When (1^) is employed in this reaction, a product 
(I^d) in Which B = -NR2R3, with Rj = R3, is obtained 

3 0 directly; 

- a process for tbe preparation of diazepino- 
indoles of formula dee)/ wbich consists in carrying out 
a cyclization by reaction of a compound (le) with a 
reactant of f ormula X- (CHg) i-Q- (CHg) J -X* [sic] in which X 

35 and X', which may be the same or different, are halogens, 
Q is a single valency bond and 1 and m are integers from 
1 to 3 and the sum of which is in the range from 4 to 6; 
or alternatively Q is -O-, -S- or -NH-, in which case the 
sum 1 + m is in the range from 3 to 5, The preferred 
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halogen is bromine, 

Intermedla-bes of formula (I'^) an d (I'h) 

The processes A, B preferably, C, already 

described, make it possible, as indicated in Scheme l, to 
5 obtain the intermediates (I'e) or (I'd) from the interme- 

diates (lie) — or (Ild) — formula — tri ) , in which B repr e— 

sents an -OCH3 or -NOg group respectively. 

Tjie general process for the preparation of the 
intermediate amines (II) is illustrated in Scheme 4 which 
10 follows and is detailed below. 

Intermediates of formula (II^) and (11^) 

The amine (11^) may be prepared by nitrating 
position 9 of a diazepinoindole (11*) with potassium 
nitrate in sulfuric medium. (Ila) which the -NO2 

15 function may be reduced to -NHg by a number of reducing 
agents, including SnClg, is preferably obtained. 
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A variant for the preparation of the intermeaiate 
(II«) consists in nitrating a diazepinoindole of formula 
(Va) • An oximating reagent is then reacted with the 
compound (V^) obtained^ in order to obtain the oxime 
5 (T7a) . Reduction of (IV^) with hydrogen in the presence of 
a reduction catalyst or l^y reaction with zinc in the 

presence 61 an acid makes it possible to reduce the oxime 

and nitro functions in order to give (lie) • 

Intermediate of formula (XX^ ) 
10 The intermediates are prepared as depicted in 

Scheme 4 bis by carrying out successively : 

i) — the protection of the amine function of a 
nitrated intermediate (iXd) in order to obtain an 
intermediate (11,3^) including for example a t- 

15 butyloxycarbonyl (t.Boc) group^ then 

ii) - reducing the nitro group of this intermediate 
by hydrogenation that can be catalysed for example by 
ruthenium, to obtain an intermediate (II^p) , then 

iii) alkylating the amine function obtained with 
20 a reactant of formula X-(GH2) i-Q-- (CH2)^-'X' previously 

defined to obtain by cyclization an heterocyclic amine 
(Ilfp), then 

iv) - to eliminate the protecting grouj* introduced 
during step i) , by reaction with trif luoiroacetic acid in 

2 5 anhydrous conditions for -the example of a t.Soc 
prptection, yielding to tbe intermediate (Xlf) • 




Scheme 4 bis 




Due 



Intermediate of formula (11. .) 

The general process for the preparation of the 
intermediate amines (11^) in thteir racemic and/or enan- 
tiomeric forms is documented in the prior art. For 
example, an amine of formula (lla) B^ay be prepared by 
aminating, in a position alpha to the carbonyl, a 
d4a.z^tp4n<)4iidoie — oi — #o4i?muia — — Iwi4:;ii----a — hy^kr?o^H^yiamine-- 
derivative or with chloramine; or alternatively, in two 
steps, by reacting a compound of formula (V^) with an 
oximating reagent in order to olDtain the oxime of formula 
(IVa), the second step consisting in catalytically 
reducing the oxime with hydrogen in the presence of a 
reduction catalyst or by reaction with zinc in the 
presence of acetic acid or witb stannous chloride in the 
presence of hydrochloric acid, in order to obtain the 
amino derivative (11^) . 

Intermediates of formula (XIv,) and (II^) - Scheme 5 

The compound (lie) is prepared in two steps, with 
an oxime intermediate (iv^) and according to a process 
which is essentially ident^ical to that used to prepare 
(Ilj , from a diazepinoindole of formula (V^) . (11^) is 
demethylated to the int:ermediat:e (11^) by the action of 
boron tribromide. 

Scheme 6 which follows illustrates the process 
for the synthesis of (V^) : 

The indole (IX) is reduced to the corresponding 
indoline (VIII) , which is condensed with benzojiitr ile 
(Vli) in the presence of Lewis acid in order to give, 
after hydrolysis, the benzophenone (VI). 

The preparation, from (VI) in the presence of 
ethyl glycinate in pyridine, of the product of formula 
(Vc) is adapted from the method (method N) described by 
Hester J.B. et al,, 1970, J. Med. Chem, 13.: 827-835. 

In order to prepare an optically active compound 
of formula (II), among other possibilities, it is pos- 
sible: 
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Scheme 5 
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Scheme 6 

" to condense a racemic compoundi (II) with an alpha-amino 
acid derivative belonging to the D series or to the L 
series and in which the amine function is protected with 
5 an easily removed group, preferably the tert-butyloxycar- 
bonyl group. • 

The compound obtained is deprotected by hydroly- 
sis, preferably in acidic medium in the presence of 
trif luoroacetic acid, and the product obtained is sepa- 
10 rated into its diastereo isomers by chromatography; the 
two isomers of the amine condensed with the amino acid 
are obtained. By Bdman degradation, the two enantiomers 
of the amine (II) are then regenerated; or alternatively, 
- to dissolve a racemic compound (II) in a solution of 
15 optically active acid s^ch as, for example, a mandelic, 
dibenzoyltartaric, di-p-toluyltartaric, camphorsulf onic, 
p-nitrobenzoylglutamic or tartaric acid enantiomer, in 
order to form two diastereoisomeric salts, and then using 
the difference in solubility, to crystallize one of them 
20 selectively from a suitable solvent. 

The intermediate products of formula (IV) and the 
products of formula (II) are useful intermediates for the 
preparation of the active products according to the 




invention. 



The invention is also directed towards a medici- 
nal product for combating inflammatory or allergic 
diseases, for combating bronchoconstriction, or a medici- 
nal product which is useful in the treatment of asthma, 
5 characterized in that it comprises a diazepinoindole 
according to the invention, in a form which is pharmaceu- 
tically adapted to the complaint to be treated. 

Exper imenta 1 section 
chemical section 

10 The following examples illustrate, without, 

however, limiting it, the use of the processes and 
products of the invention. The purity, identity and 
physicochemical characteristics of the essential interme- 
diates and products prepared are determined, thus: 

15 - the purity is verified by thin layer chromatography on 
silica gel (Merck 60 - F254) and the Rf observed is 
reported for the elution solvent used, which is usually 
identical to that used for the preparative chromato- 
graphic purification of the compounds. These solvents are 

2 0 identified by the following abbreviations: 



25 



30 



35 



S. A: 


dichloromethane , 






S.Al: 


dichloromethane 


- acetone, 97 - 


3 (v/v) , 


S. A2 : 


diohloromethane 


- acetone, 9 6 - 


4 (v/v). 


S. A3 : 


dichloromethane 


- acetone, 95 - 


5 (v/v). 


S.A4: 


dichloromethane 


- acetone, 9 0 


10 (v/v) , 


S.A5: 


dichloromethane 


- acetone, 88 - 


12 (v/v) , 


S.A6: 


dichloromethane 


- acetone, 85 - 


15 (v/v) 


S . A7 5 


dichlorometLhane 


- ethyl acetate 


,98-2 (v/v) , 


S.A8: 


d i ch lor omethane 


- methanol, 9 8 


- 2 (v/v) , 


S.A9: 


dichloromethane 


- methanol, 97 


- 3 (v/v) , 


S.AIO: 


dichloromethane 


- methanol, 95 


- 5 (v/v). 


S.B: 


ethyl acetate 






S.BXs 


ethyl acetate - 


cycloheKane, 70 


- 30 (v/v) , 


S.B2: 


ethyl acetate - 


cyclohexane, 60 


- 40 (v/v) , 


S.93 : 


ethyl acetate - 


methane Ir 97 - 


3 (y/v). 


S.B4: 


ethyl acetate - 


methanol, 95 - 


5 (v/v), 


S,C: 


methanol. 







the agreement of the elemental formula of the compounds 
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obtained with that of the target structures is verified 
by analysis of the main elements. The results are not 
reported but are indicated in accordance with the struc?- 
ture proposed, taking into accdunt possible solvates or 
5 hydrates . 

- the agreement of the products obtained with the struc- 

tures — proposed — xs — ve rifie d — by — their — proto n — nu clear 

magnetic resonance spectrum and by their infrared spec- 
trography • 

10 The NMR spectra are performed at 4.00 MHz on a 

Briiker machine, the compounds being dissolved in deutero- 
chloroform with tetramethylsilane as internal reference. 
The nature of the signals, their chemical shifts in ppm, 
the number of protons which they represent and their 
15 capacity for exchange with D2O are recorded. 

The infrared spectra are recorded as potassium 
bromide pellets on a Shimadzu IR~435 spectrometer. 

- the physicochemical characteristics noted are 
their melting point, determined by the capillary tube 

2 0 method and whose reported values are uncorrected, and 

their optical rotation, determined at room temperature in 
the region of 2 0*»C, on a Polartronic machine in a cell 
10 cm in length, and whose results make it possible in 
certain cases to evaluate the optical purity by calculat- 
25 Ing the enantiomeric excess (e.e.). 

For the purposes of standardization, the chemical 
nomenclature of the products in the examples is that 
determined using the "Autoname" program version 1.0 
(Beilstein Institute - Ed. Springier) which generates the 

3 0 systematic nomenclatures of the compounds according to 

the lUPAC rules. 

As described above, the preparation of the 
compounds (I) of the invention uses the reaction of the 
intermediate amines (II) with halides: (111^) according to 
35 process A, of the esters, in particular pentaf luorophenyl 
esters (Ills), according to process B, or of the oarboxy- 
lic acids (IXIc) according to process c. The general 
procedures of these processes are the following. 




Process A : 10. 0 mmol of an intermediate amine (II) are 



dissolved in 60 ml of anhydrous dichloromethane with 
stirring, in a reactor protected from moisture. 10. o mmol 
of acid halide (111^) are then added, followed by drop- 
wis^ addition of 10. o mmol of triethylamine, at a 
5 temperature in the region of 2 0 °C. The reaction is 
continued with stirring at a room temperature of between 
15 and 25 °c and its progress is monitored by thin layer 
chromatography. When the reaction is considered to be 
complete, 120 ml of dichloromethane are added to the 
10 reaction medium, the mixture is extracted successively 
with 60 ml of IN HCl solution, 60 ml of saturated sodium 
bicarbonate solution and, finally, 60 ml of water. After 
drying, the dichloromethane is evaporated off under 
redubed pressure and the residue is purified by flash 
15 chromatography on a coliutin of silica, according to a 
method adapted from Still et al. (1978) J. Org. Chem. Us 
2923/ the elution solvent being a mixture of increasing 
polarity consisting^ for example, of acetone in dichloro- 
methane. The elution fractions determined to contain the 
2 0 pure compound ard combined and then evaporated under 
reduced pressure. The residual purified product is 
subjected to the . structure and purity determinations 
described above, 

- Process B s 

25 Stage 1 ; 10.0 mmol of an intermediate acid (Illc) ot 
formula A-COOH and 3,55 g (19.3 mmol) of pentaf luoro- 
phenol are dissolved in 25 ml of dichloromethane. 0.81 g 
(2.6 mmol) of para-dimethylaminopyridinium para-toluene- 
sulfonate and: 

30 - either 22.4 mmol of aicyclohexylcarbodiimide in process 
"B.a", 

- or 22.4 mmol of N-(3-dimethylaminopropyl) --N* -ethyl- 
carbodiimide in process "B.b'% 

are then added, 

3 5 The mixture is stirred for 16 hours at the 

temperature of the laboratory^ in the region of 2 0«c, and 
the insoluble material is then filtered off. The solvent 
is eliminated by distillation and the residue is purif ied 
by the technique of flash chromatography on a column of 



silica, usually using a gradient of acetone in dichloro- 
methane as the elution solvent. The fractions determined 
to be pure by TLC are combined, the solvent is evaporated 
off and, after analysis, the residual intermediate ester 
5 (XIIb), in the form of an amorphous foam, is used without 
further, purification in the following stage. 
Stage 2 : 10.0 mmol of the pentaf luorophenyl ester (IIIb) 
prepared in the above stage are added to 10. o mmol of 
intermediate amine (II) dissolved in anhydrous ethyl 
10 acetate. After stirring for 16 hours at a room tempera- 
ture in the region of 20«C, the insoluble material is 
filtered off, the ethyl acetate is evaporated off under 
vacu-um and the residue is then purified by the technique 
of flash chromatography on a column of silica, usually 
15 using a gradient of methanol in dixshlorome thane as 
elution solvent. The fractions determined to be pure by 
TLC are combined, the solvent is evaporated off and the 
purified residue is identified and analyzed. 
Process C (preferred) ; 10.0 mmol of an intermediate amine 
20 (II) are dissolved in SCO ml of anhydrous dichloro- 
methane with stirring, in a reactor protected from 
moisture- At the temperature of the laboratory, in the 
region of 2 0^C, 11. 0 mmol of an intermediate acid (III^) 
of formula A-COOH are then added, followed by 10,0 mmol 
25 (3.28 g) of "TOTU" (abbreviated name for 0-[(ethoxy- 
carbonyl) cyanomethylamino] -N,N,N» ,N« -tetramethyluronium 
tetraf luoroborate - supplier Pluka, ref. 02580). The 
mixture is cooled to o<»C, 20; 0 mmol (2.55 g) of N,N-di- 
isopropylethylamine are then added, after which the 
30 mixture is stirred for 12 hours at room temperature and 
then extracted successively with 50 ml of IN HCl solu- 
tion, 50 ml of saturated sodium bicarbonate solution and, 
lastly, 50 ml of water. 

The solvent is evaporated off under vacuim and 
3 5 the residue is purified by the technique of flash chroma-^ 
tography on a column of silica, usually using a gradient 
of methanol in dichloromethane as elution solvent. The 
fractions determined to be pure by TLC are combined, the 
solvent is evaporated off and the purified residue is 
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identified and analyzed. 
Intermediate compounds fll^ 

Intermediate 1: (3R) -a-Amino-l-'phenyl'-S , y-dihydro-SH- 
r 1 . 4 1 diazepino f 6 , 7 > 1-hi 1 indol-4-one \ ( Ila) -R : B = H] 

The preparation of tlie compound in its racemic 
form is described in Example 1 stages a) and b) of 
-E P 0^340 -y-Q-64 Al , & i milarly/ tli at-- of the (R ^ — enantiomer is- 



described in Example 5 stages a) b) c) g) and h) of the 
same application. However, an alternative method which 
10 consists in resolving the racemic compound by the forma- 
tion and separation of diastereoisomers with N-acetyl-L- 
phenylalanine is preferred ^ and this method is reported 
below: 

- 74.0 g (267 mmol) of (3R,S) -3-amino-l-phenyl-6,7- 
15 dihydro-3H-[l, 4]diazepino[6 ^ 7, l-hi]indol-4-one are 
dissolved in 2ib ml of boiling n-propanol. Meanwhile, 
44.1 g (2 67 nunol) of N-acetyl-L-phenylalanine are dis- 
solved in 14 0 ml of boiling n-propanol. The two solutions 
are mixed together, left to cool and then seeded with a 
20 few crystals. After leaving to stand for three days, the 
crystals are filtered off and dried. Weight: 50.0 g (e.e. 
=77%). 

The product is recrystallized twice successively 
from boiling ethyl acetate. 39.0 g (e.e. = 97%) are 
25 obtained. The mother liquors of the first crystallization 
are evaporated and the residue is taken up in boiling 
ethyl acetate. After crystallization, filtration and 
drying, 35.0 g of crystals (e.e = 50%) are obtained, 
which, after two successive crystallizations from boiling 
30 ethyl acetate, allow 17.0 g (e.e. = 97%) of product to be 
obtained. The two combined crops represent 56.0 g (yield 
= 95%) of the salt of the 3R enantiomer of the amine with 
N-acetyl-L-phenylalanine. m.p. = X71«C. [a]D = +132 » 
(c = 1, methanol) . 
35 - 42.4 g (96 ramol) of the salt of the (3R) amine are 
stirred vigorously in the presence of 500 ml of ethyl 
acetate and 500 ml of normal sodium hydroxide. After 
dissolution, the ethyl acetate phase is separated out, 
washed with water saturated with sodium chloride and then 
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dehydrated and evaporated, 25,4 g of the expected amine 
are obtained. Yield = 95%. m.p. = 79^C. [ajo = 172« (c = 
1, CH2CI2) . 

NliR 6 (ppm) : 3 •05-3.5 (m, 2H) ; 3.3 (broad s, 2H 
5 exch.); 3.9-4.0 (m, IH) ; 4.6-4.7 (m, IH) ; 7.05-7.6 
(m, 9H) . 

I,R, : 3350^ 1670r 1600, 1560, 1420, 1380, 1340, 1290, 
1240, 760, 730, 690 cm"^. 

Intermediate 2: (3R> -3 » 9-Diamino-l-phenvl-6 , 7-dihvdro-3H-' 
10 r 1 . 4 1 diazepino r 6 . 7 , 1-hi 1 indol-4-one [(lie) - R; B = 
— 3SnR2R3 7 R2 ^3 — • 

Stage 1 ; 51.0 ml of concentrated sulfuric acid (d = 
1.83) are introduced into a 100 ml reactor and, with 
stirring, 16.0 g (57.7 mmol) of (3R) -3-amino-l-phenyl- 
15 6 , 7-dihyro-3H- [1,4] diazepino [6, 7,1 -hi] indole 4 -one, 
intermediate 1 described above, are added. During the 
exothermic introduction, the temperature reaches 70 •»C; 
the brown solution obtained is cooled to 5-10 **C. 6.9 3 g 
(68.5 mmol) of pure potassium nitrate dissolved in 

2 0 17.0 ml of sulfuric acid (d = 1.83) are then introduced 

rapidly. The temperature rises to 4 0*^C and is then 
maintained at 20 °C with stirring for 4 0 minutes. The 
brown solution is precipitated in 600 ml of a mixture of 
ice and water. The mixture is basified with concentrated 
25 aqueous ammonia solution and then extracted with 3 times 
15 0 ml of dichloromethane. The organic phases are washed 
with water and dehydrated, and the solvents ar:e then 
eliminated by distillation. A light-brown foamy residue 
<17.5 g) is obtained, which is purified by flash chroma- 

3 0 tography on silica. Blution with dichloromethane progres- 

sively enriched with methanol allows 12.0 g of purified 
(3R) -3-amino-9-nitro-l-phenyl-6 , 7-dihydro-3H- [1 , 4 ] - 
dia2epino[6,7, 1-hi] indol-4-one [(Ild)- R; B = NO2] to be 
obtained. Yield = 75% m.p. = 177-178«C [a]o = +66.8«C 
35 (c == Q.4, CH2CI2) 

- stage 2; 13.0 g (40.3 xhmol) of the nitro derivative 
obtained in the above stage, 45.5 g (2 02 mmol) of tin 
chloride dihydrate and 81 ml of ethanol are introduced 
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into a 250 ml reactor. The mixture is brought to 7 0°C 
with stirring and is maintainea at this temperature for 
3 0 minutes. A brown solution is obtained, and about 6 0 ml 
of solvent are then distilled off. The residue is taken 
5 up in 400 ml of ice-water and the aqueous phase and the 
insoluble gum are extracted with ether. 

' The ether phase is discarded. The aqueous phase 

and the gum are basif led with sodium hydroxide solution 
to pH 12. The mixture is extracted with 3 times 150 ml of 
10 dichloromethane. The combined organic phases are washed 
and dried and the dichloromethane is then eliminated by 
distillation. The residue (13.0 g) is purified by chroma- 
tography on a column of silica, eluting with dichloro- 
methane progressively enriched with methanol. 12. 4 g of 
15 (3R)-3,9-diamino~l-phenyl-6,7-d i hy d r o - 3 H - 
[1^4]diazepino[6^7/ l-hi]indol-4-one [intermediate (Ile)- 
R; B = -NR2R3; Rg = R3 = H] are obtained. 

NMR 6 (ppm) : 7.5-7«65 (m, 2H); 7.5-7.3 (m, 3H) ; 6.8 
(d, IH) ; 6.4 (d, IH); 4.5-4.65 (m, IH) ; 3.8-4 (q, IH) ; 
20 3.15-3.3 (m, IH) ; 2.95-3.05 (m, IH) ; 2.50-4.00 (m, 2H) 

I.R.: 3300, 3200; 1660, 1580, 1480, 1440, 1360, 1240, 
710 cm"\ 
Intermediates 3 

-3. a: ( 3R , S ) -3 -3\mino^ 9 -metboxy- l-pheny 1- 6 . 7 -dihvdro-3H- 
25 r 1 > 4 1 diazepino r 6 . 7 . 1-bi 1 indol-4 -one , [(lie) - B = 

CH3O] 

The compound is prepared from 5-methoxyindole^ in 
5 stages. 

- Stage 1 : 5-Methoxyind61ine. 
30 To a solution of 50-0 g (340 mmol) of 5-methoxy- 

indole in 700 ml of glacial acetic acid are added 
portionwise, at 15-20 ^C, 53.4 g (850 mmol) of sodium 
cyanoborohydride. The weakly exothermic addition is 
carried out over 3 hours and is accompanied by a slight 
3 5 evolution of hydrogen « The mixture is left stirring below 
20**C for 12 hours, 700 ml of water are then added and the 
pH of the reaction meditim is adjusted to between 10 and 
12 by addition of 1200 ml of 30% soditim hydroxide solu- 
tion. The mixture is extracted twice with dichloromethane 




and the organic phase is then washed with 300 ml of 
water. The mixture is evaporated and the residue is 
purified by flash chromatography on a column of silica, 
the eluent used being a mixture of increasing polarity of 
5 methanol in dichloromethane. 4l,84 g of colorless oil 
which becomes pale yellow on storage (to be stored under 
nitrogen atmosphere and sheltered from the light) are 
obtained. 

Yield = 83% - TLC: S.B2; 0.38. 
ID NMR 6 (ppm) : 3.00 (t, 2H) ; 3.40 (s, IH exch. ) ; 3.50 

(t, 2H) ; 3.70 (S, 3H) ; 6.60 (S, 2H) ; 6.80 (S, IH) , 
- Stage 2 : 7-Benzoyl-5-methoxyindoline, 

5.00 g (33.5 mmol) of 5~methoxyindoline are 
dissolved in 5 0 ml of 1,2-dichloroethane, 33.5 ml 
15 (33.5 mmol) of boron trich^loride as a molar solution in 
dichloromethane and 6.90 g (67 mmol) of benzonitrile are 
added dropwise at temp. < 5*'C. The mi:ifcture is heated for 
6 hours at reflux (bulk temp. = 82"84*»C) . After cooling^ 
hydrolysis is performed by addition of 33.5 ml of 4N 
20 hydrochloric acid and heating for 20 minutes at B0°c. The 
mixture is left* to cool to about ZO^C and is extracted 
with dichloromethane. The aqueous phase is reextracted 
with 100 ml of dichloromethane. The combined organic 
phases are washed with sodium hydroxide solution^ then 
2 5 with concentrated sodium chloride solution and are dried 
over sodium sulfate. After filtration and evaporation, 
3.12 g of an orange-yellow solid are obtained. 
Yield = 38% - m.p. = 123**C - TLC: S.A7; 0.81 

NMR 5 (ppm): 3,05 (t, 2H) ; 3.65 (s, 3H) ; 3.75 (t, 2H) ; 
30 6.75 (broad s, 2H of whiicli IH exch.); 6.95 (broad s, IK); 
7.40-7.55 (m^ 3H) ; 7.65 (m, 2H) 

stage 3 : 9 -Methoxy-l-'phenyl-"6 ^ 7-dihydro-3H- 
[ 1, 4 ] diazepino [ 6 ^ 7 , l-hi] indol-4-one . 

4.71 g (XB.6 mmol) of 7-benzoyl-5-methoxyindoline 
35 are introduced into 75 ml of pyridine^ followed by 16.2 g 
(116 mmol) of etliyl glycinate hydrochloride. The mixture 
is heated to 110-115*»C with stirring while distilling off 
the light fractions which form. After 12 hours, the 
mixture is cooled and 100 ml of a 2.5% solution of sodium 
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carbonate in water and lOO ml of dichloroiaethane are 
added. The aqueous phase is separated out and extracted 
with 100 ml of dichloromethane. The organic phases are 
combined and washed witli water. The solvent is evaporated 
5 off and the residue is then purified by flash chromatog-^ 
raphy on a column of silica, the eluent used being a 

gradient — of a cetot ^ — in—diehiorom^^Aane-ii — g of puri- 

fied product in the form of a brown resin are obtained. 
Yield = 82% - TLC: S.A6; 0.73. 

10 NMR 6 (ppm) : 3.10 (t, 2H) ; 3.70 (s, 3H) ; 4.30 (t, 2H) ; 

3.90 (s, 2H) 6.60 (s, IH) ; 7.00 (s, IH) ; 7.30-7.50 (m, 
3H) ; 7.60 (d, 2H) . 

- Stage 4 ; 3-Hydroxyimino-9-methoxy-lrphenyl-6, 7-dihydro- 
3H- [i, 4 ] diazepirio[6 , 7, 1-hi] indol-4-one. 

15 6.78 g (26 mmol) of the above product are dissolved in a 
mixture of 2 6 ml of tetrahydrof uran and 51 ml of toluene. 
The mixture is cooled and, at a temperature below O^'C, 
7.29 g (65 mmol) of potassium tert-butoxide are added. 
The addition is exothermic and the solution turns black. 

20 After stirring for 20 minutes, 3.20 g (27.3 mmol) of 
isoamyl nitrite' are added over approximately 10 minutes. 
The mixture is kept stirring below 0<^c for 10 minutes, 
followed by addition of 10.3 ml of glacial acetic acid 
and 100 ml of water. An insoluble material is filtered 

25 off and 50 ml of dichloromethane are added. The phases 
are allowed to separate by settling and the aqfueous phase 
is washed with lOO ml of dichloromethane. The organic 
phases are combined and washed with 100 ml of •water. 
After evaporation of the solvent, the residue is purified 

30 by chromatography. 4.44 g of an orange-yellow solid are 
obtained. 

Yield = 53% - m.p. = 205«C; TLC: S.A5; 0.17. 

NMR 5 (ppm): 3.20 (t, 2H); 3.70 (s, 3H); 4.40 (t, 2H) ; 
6.70 (t, 2H); 7.10 (s, IH) ; 7.40-7.60 (ra, 3H) ; 7.80 (d, 
35 2H) ; 8.60 (s, IH) . 

- S'tage 5; (3R, s) -3-3toino-9-methoxy-l-phenyl-6, 7-dihydro- 

3H--[l,4]diazepino[6,7, i-hi]indol-4-one. 

.4.38 g of 5% ruthenium-on-charcoal are added to 
a solution of 14.6 g (45 mjmol) of the product obtained in 
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the above stage in 1.0 1 of methanol. The mixture is 
hydrogenated at a pressure of 8 bar at eo'^e for 6 hours 
and the catalyst is then filtered off and rinsed. After 
evaporation, the residue is purified by flash chromatog- 
5 raphy on a column of silica, the eluent used being a 

mixture of dichlorometliane progressively enriched with 

methanol. 9,66 g of purified amine are obtained in the 

form of a beige-yellow solid. 

Yield = 67% - m,p. = 84«C; TLC: S.B3; 0.24. 

10 NMR fi (ppm) : 3.20 (t, 2H) ; 3.70 (S, 3H) ; 4.40 (t, 2H) ; 

5.30 (s, IH); 6*70 (s, IH) ; 7.10 (s, IH) ; 7.40-7.80 (m, 
5H) ; 8.10 and 8.50 (hroad S/ 2H exch.). 

-3.b2 (3R) *-3-aminO"9-met.hoxv-X-phenvl-6r7-dihvdro -3H- 
X 1 , 41 diazetPino r 6 , 7 . 1-hi 1 indol-4-one [(lie) - R; B = CH3O] 
15 lO.O g (32.3 mmol) of the (R,S) amine, inter- 

mediate 3. a., are dissolved in 100 ml of refluxing aceto- 
nitrile. Meanwhile, 12.47 g (32.3 mmol) of di-para- 
toluoyltartaric acid are dissolved at reflux in 100 ml of 
acetonitrile. The bot solutions are mixed together and 

2 0 then left to crystallize by cooling to the temperature of 

the laboratory,* After leaving to stand overnight, the 
white crystals are filtered off, washed with 100 ml of 
cold acetonitrile and then dried. These crystals (e,e. =: 
37%) are irecrystallized twice successively from aceto- 
25 nitrile in order to obtain the purified product (e.e, - 
99.5%). This purification is followed by chromatography 
on an optically active Pirckle-type C^^q column, eluting 
with a 50/50 mixture of isopropanol and n-hexane» 9.9 g 
of product are obtained. Yield = 44%. xii.p, = 168 *>C. 

3 0 The 9.9 g of the above salt are suspended in 

100 ml of ethyl acetate. Saturated sodium bicarbonate 
solution is added with vigorous stirring and, after a few 
minute3, the aqueous phase is discarded. The organic 
phase is washed with 5 0 ml of water, and dried, and the 
35 solvent is then evaporated off while cold under a nitro- 
gen atmosphere. 4.1 g of purified base are obtained. 
Yield = 95% - m.p. = 84»C - [ajc = +23« (c = 1, CH2CI2) 
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3-c: (3R) -isoauinoline-3-carboxvlic acid (9-methoxv-4-" 
oxo- 1 -phenyl 3 ,4,6, etrahvdro [1^4 ] diazepino r 6 > 7 ^ 1- 
hil indol-3-vl> amide 

[(1%); A = 3-isoquinolyl^ B = CH3O] 
5 The compound is prepared as described in the 

general process B with tlie above intermediate 3.b and the 

pent ^luoroph e nyl isoquinoline-a ^ ca rrb oxyl ate inter 

mediate. 

Yield = 87% - white solid - ra.p, = 211«C - [aJo = +0.30** 
10 (c = 1, CH2CI2) ; TLC: S.Bl; 0.30 

NMR 5 (ppm): 3.10 (m, IH) ; 3.35 (m, IH) ; 3.75 (s^ 3H) ; 

4,00 (m, IH) ; 4.70 (m, IH) ; 5.70 (d, IH s. by exch.); 

6.70 (broad s, IH) ; 7.10 (broad s, IH) ; 7.20-7.80 (m^ 

7H)V'8.00 (d^ IH) ; 8.10 (d^ IH) ; 8.65 (s, IH) ; 9.30 (s, 
15 IH) ; 9.90 (d, IH exch.) I.R. : 3360, 1665, 1500, 1490, 

1470/ 1345, 1265, 1225, 1145, 700 cm"^. 

Intermediate 4 

OR) "S-amino-l-phenyl-g- f pvrrolidin-l-vl) 6 , 7-dihvdrb-3H" 
ri,41diazepinor 6,7 , l-hll indbl-4-one , l(XX£) ~ R ; 

20 B = -NR2R3 ; -R2 — R3- = -(CH2)4"] 

- St acre l : i) 13.0 g (40.3 mmol) of (3R) 3-amino-9-nitro- 
l-phenyl-6 , 7-dihydrp-3H- [ 1,4] diazepino [6,7, l~hi] indol-4- 
one[ compound (lld) ; B = NO2 prepared at intermediate 2 - 
stade 1] in 78 ml of THF dehydrated over molecular sieves 

25 are introduced in a reactor protected from moisture and 
under a nitrogen atmosphere.. 

The solution is cooled to a t < 5 **c, under agitation 
10.5 6 g (48.4 mmol) of t-butylcarbonate in 40 ml THF are 
added. The temperature is allowed to reach 20-25 and 

3 0 leave 16 hours still. Solvents are eliminated by 
distillation oh a hot waterbath and under vacuum, the 
residue is taken up witK 100 ml petroleum ether, filtered 
and dried (Yield : ioo %) . (3R) -N- (9-nitro~4-oxo-l- 
pheny^-6 , 7-dihydro--3H- [ 1, 4]diazepino [6,7, l^hl] indoles- 

35 yl)-t-butyloxy carbamide (Ildp) as obtained is directly 
reacted in the next step. 

ii) 11.0 g (26 mmol) of the intermediate obtained at the 
latter step in one liter of methanol and 4.0 g of 
charcoal at 5 % ruthenium are introduced into a 
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hydrogenation reactor^ wliich is filled with hydrogen- The 
reduction is carried out at 85 ^'C for 6 hours. The 
catalyst is filtered out, the solvent is eliminated by 
distillation under vacuum, and the residue is purified by 
5 rapid chromatography on a column of silica. Elution by 
dichloromethane containing 2 % (v/v) methanol followed by 

eliminatioh Of the sfolvetits yields {3R)N- (9-amino-405KO-l- 

phenyl-6,7-dihydro--3H-[ X, 4]diazepino[6, 7, l-2il] indol-3- 
yl) -t-butyloxy-carbamide (Hep) purified, in amorphous 

10 . state. 

Mass : 8.8 g - Yield : 86 % - TLC s S.A8 Rf : 0.4 0 
- Stage 2 : in 150 ml of anhydrous dimethylf ormamide 
(DMF) , 6.0 g (15.3 mmol) of intermediate (Ilep) , 3.60 ml 
(6. 60 g or 30.6 mmol) of 1, 4-dibromobutane and 6.38 g 
15 (76 mmol) of sodium hydrogen carbonate are introduced 
into a reactor protected from moisture. 

The suspension is heated to 60 "C and agitated for 7 
hours, then the DMF is distilled off under vacuum ; the 
residue is taken up in 15 0 ml dichloromethane. The 
2 0 solution is extracted with water, then dried ; the 
solvent is distilled off under vacuum and the residue is 
purified by rapid chromatography on a column of silica. 
Elution by dichloromethane containing i % (v/v) methanol 
yiels to 4.10 g of (3R)N-4-oxo-l-phenyl-9-^ (pyrrolidin-l- 
25 y 1) - 6 , 7 ~dihydro-3H [ 1,4] diaasepino [6,7, l-hi] indol-3 -y 1 ) t- 
butyloxy-carbamide (llfp) purified. Yield = 60 % - TLC : 
S.A8 Rf : 0.60 

Stage 3 : in a reactor protected from moisture, 48 ml 
of anhydrous dichloromethane and 4.10 g (9.2 mmol) of 
30 intermediate (Ilfp) obtained in the previous step are 
introduced. To the solution 24.75 ml (36.34 g or 321 
mmol) pure trif luoroacetic acid (d = 1.48) are added 
dropwise at room temperature. The mixture is agitated for 
2 hours at 2 0-25 then the solvents are eliminated by 
35 distillation under vacuum. The residue is purified by 
rapid chromatography on a column of silica, elution with 
dichloromethane containing 5 % (v/v) methanol yields, 
after removal of the solvents, a purified product in an 
amorphous state. Mass = 4.3 5 g.. 
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The piroduct is salified with trif iuoroacetic acid. It is 
taken up by a satured sodium bicarbonate solution and the 
mixture is extracted with dichloromethane. 
After evaporation^ (3R) -3~amino-l-phenYl'-9- (pyrrolidin-1- 
yl) 6 , v-dihydro'-SH- [1/ 4] diazepino [ 6 , 7 ^ 1-hi] indol-4 -one 
(Ilf) is obtained in an amorphous state. Mass 3,00 g ; 



Yield 5 71 % - TLC : S.A8 Rf : 0,80, 
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Example 1: (3R) -Isoquinoline-3-carboxvlic acid {Jj^ 

hvdroxv--4-oxo-l-phenvl-3 ^ 4 , 6 , 7-tetrahvdro- 
|' 1 . 4 l diazepino r 6 , 7 > 1-hil indol-S-v l) amide 
[(Ib); a = Isoquinolyl; B = -ORj, = H] 

1.0 0 g (2.2 mmol) of the intermediate 3,c (3R)-" 
isoquinoline-3-carboxylic acid (9-methoxy-4-oxo-l-phenyl- 
3,4,6, 7 -tetrahydro [1,4] diazepino [6,7, 1-hi ] indol-3-yl) - 
amide in 20.0 ml of dichloromethane dehydrated over 
molecular sieves is dissolved in a 50 ml reactor protec- 
ted from moisture and under a nitrogen atmosphere. 

The solution is cooled to --SO^C and 5.41 g 
(22 mmol) of boron tribromide are added rapidly with 
stirring. 

The brown, heterogeneous mixture is stirred at 
20-2 5 for 3 hours and is then precipitated in a mixture 
of 50 ml of water and 30 ml of dichloromethane. The 
insoluble material is filtered off, the aqueous phase is 
discarded and the dichloromethane is evaporated off. 

The evaporation residue and the insoluble 
material are combined and purified by chromatography on 
a column of silica. Blution with the mixture S.A8 allows 
0.48 g of yellow, amorphous purified product to be 
obtained. Yield = 49.5% - m.p. = 215 

Analysis in agreement for C27H2oi^403 "(O- 3.5 CH2CI2) -(0.25 H2O) 
- TLC: S.Al; 0.33 NMR 5 (ppm) : 3.10 (m, IH) ; 3.35 (m, 
IH); 3.95 (m, IH); 4.50 (m, IH) ; 5.40 (d, IH) ; 6.05 (d, 
IH); 7.1 (d, IH); 7.45 (m, 5H) ; 7.90 (m, 2H) ; 8.30 
(m, 2H) ; 8.65 (s, IH) ; 9.50 (s, IH) ; 9.70 (d, IH, exch. 
DgO) ; 9.75 (s, IH, exch. DgO) . 
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X.R.: 3450, 3200, 1680^ 1660, 1620, 1590, 1510, 1460, 
1440, 1370, 1320, 1270, 1230, 1140, 1100, 1060, 960, 860, 
760, 740, 700, 630, 540, 490 cm'^. 

Example 2 : {3R) -4-t-ButyloxYcarbonvlainino-N- (9"amino-'4" 
5 oxo-l-^phenyl-S , 4 , 6 ^ 7"'t&trahYdro r 1 , 4 1 diaze- 

Pino r 6 > 7 , 1-hi 1 indol-3-vl ) benzamide 

— [ de) ; 2 ^=--4->t:-bta" tY ^ B = — 11^2 ^3; Rz 

=: R3 = H] 

I06O g (5.5 minol) of (3R) -3 , 9-diamino-l-phenyl- 

10 6 , 7"dihydro-3H - [1,4 ] diazepino [ 6 , 7 , 1-hi] indol-4 -one 
(intermediate 2) are dissolved, with stirring, in 60.0 ml 
of anhydrous dicliloroinethane in a reactor protected from 
moistiiire. 1,44 g (6.05 mmol) of 4-t-butoxycarbonylamino- 
benzoic acid are then added at about; 20*»C, followed by 

15 1,80 g (5.5 mmol) of "TOTU" (abbreviated name for 
O - [ ( ethoxycarbony 1 ) cyanome thy lamino ] -K, N, N » N • - 
tetramethylxironitim tetraf luoroborate - supplier Fluka, 
ref. 02580). The mixture is cooled to o*»c and 1.9 ml, 
i.e. 1.42 g (11,0 mmol) of N,N-diisopropylethylamine are 

2 0 added, aft;er which the mixture is stirred for 12 hours at 
room temperature and then extracted successively with 
50 ml of IN HCl solution, 50 ml of saturated sodium 
}^icarbonat:e solution and, lastly, 50 ml of water. The 
solvent is evaporated off under vacuum and the residue, 

25 weighing 2,75 g, is purified by the technique of flash 
chromatography on a column of silica, using an 80/2 0 v/v 
ethyl acetate/hexane mixture as elution solvent. The 
fractions determined to be pure by TLC are combined, the 
solvent is evaporated of f and the purified residue (1.78 

30 [lacuna]) is solubilized in 6 ml of isopropanol and then 
precipitated by addition of 100 ml of hexane. The product 
is filtered off and dried under vacuum. Weights 1.30 g. 
Yield = 46% - yellow powder - m.p. = 215-225'*C - [aJo = 
+47 (C = 1, CH2CI2) 

35 Analysis in agreement f or C29H29N5O4 - TLC: S.B; 0.45 

NMR 6 (ppm) : 1.50 (s, 9H) ; 2.95-3.10 (m, IH) ; 3.20- 
3.35 (m, IH); 3.80\(s> 2H) ; 3.85-4.00 (m, IH) ; 4.55-4.70 
(m, IH) ; 5.55-5.65 (d, IH) ; 6.40 (d, IH) ; 6,85 (d, IH) ; 
7.15 (S, IH); 7.30-7.60 (m, 7H) ; 7.80-7.95 (d, 2H) ; 7.95- 



I 
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8.05 (d, IH) . 

I.R.: 3300, 2995, 1640, 1470, 1370, 1310, 1230, 1150, 
1050, 700 cm"^. 

Example 3 : ( 3R) -4 - Ami no -N- ( 9 - ainino-4 - oxo-l-phenyl- 
5 3,4,6, 7"tetrahydro [1,4] diazepino [6,7,1- 
hi ] inido 1-3 -y 1 ) benzamide 

[ (l^) ; — A = 4- ami.iiopfaenyl--f--B = -N R2 R3; R; > R3 li j 

1.00 g (1,95 itrniol) of {3R) -4-t-butyloxycarbonyl- 
aHiino-N"- (9-ainino-4-oxo-i-phenyl-3 , 4, 6, 7-tetraliydro(;i, 4] - 
10 diazepino[6, 7, i, -hi] indol-3-yl) benzamide (product ' of 
Example 2) is dissolved with stirring in 3 0 ml of an- 
hydrous dichloromethane, in a 50 ml reactor. 

The pale yellow solution is cooled to O^C and 
lo.b'ml of trifluoroacetic acid (d = 1.480) are added, 
15 without exceeding 5'C. The reaction medium, which becomes 
orange-red, is kept stirring at 0-5 for 45 minutes. It 
is then evaporated under vacuum on a water bath. 

The residue is taken up in 100 ml of dichloro- 
methane and washed with 2N NaOH solution and then with 
20 water. The solvent is then evaporated off under vacuum 
and 0.85 g of a yellow residue is obtained, which is 
purified by flash chromatography on a column of silica, 
eluting with the mixture S.A8. The evaporated purified 
fractions give 0.60 g of yellow product, which are 
2 5 crystallized at about 20 »C from 20 ml of isopropanol. The 
insoluble material is filtered off and dried. Weight: 

0. 50 g. 

Yield = 60% - yellow powder - m.p. = 276*»C - [a]D.= -♦-63*' 
(c = 1, MeOH) 

30 Analysis in agreement for C24H2a.Ns02 - ( 0 . 2 5 i -PrOH) TLC: 
S.A3; 0.20 

mm b (ppm): 2.95-3.10 (m, IH) ; 3.15-3.35 (m, IH) ; 
3.75-3.90 (m, IH); 4.35-4.50 (m, IH) ; 5.30 (s, 2H) ; 
5.40-5.50 (d, IH); 5.75 (s, 2H) ; 6.35 (d, IH) ; 6.55-6.65 
35 (d, 2H) ; 6.85 (d, IH) ; 7.^40-7.60 (m, 5H) ; 7.70-7.80 
(d, 2H) ; 8,85-8.95 (d, IH) . 

1, R.: 3300, 1600, 1475, 1370, 1270, 1180, 830, 765, 695, 

53 0 cm"^. 




Example 4: ( 3R^ -4-Amino-K- ( 9 --amino -4 -0x0- 1 -phenyl- 
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3 , 4 , 6 > 7 -tetrahvdro \ l . 4^ di azepino r 6 , 7 , l-> 
hil indol-a-yl) -3 , s-dichlorobenzamide 

[(lo); A = 4-amino-3,5-dichlorop.henyl; B = -'NR2R3; = R3 

= H] 

The compound is prepared according to the pro- 
cedure of Example 2, starting with the intermediate amine 



10 



2 and 4-amino-3,5-dichlorohenzoic acid. 

After reaction, the residue is purified by flash 
chromatography on a column of silica, eluting with the 
mixture S.A8, The product obtained is finally recrystal- 
lized from ethyl acetate. 

Yield = 55% - yellow powder - m.p. = > 280 «C 

4-48. 5** (c = 1, MeOH) 

Analysis in agreement for C24H19CI2N5O2 

NMR 6 (ppm) s 2.85-3.05 (m, IH) ; 3,20-3.35 
3.80-3.90 (m, IH) ; 4.40-4.50 (m, IH) ; 5.20-5.30 
5.45 <d, IH) ; 6.10 (S, 2H); 6.40 (s^ IH) ; 6.90 (s, IH) ; 
7.40-7.60 (m, 5H) ; 8.00 (s, 2H) ; 9.45 (d, IH) . 
I.R.: 3300, 3200, 1670, 1610, 1510, 1480, 1380, 1280, 
1240, 1180, 1130, 850, 790, 700 cm"^. 

Example 5: ( 3R) '-4-Amino-N-r9- (4-amino-3 , 5"-dichlorobenz- 
amido) -4-oxo-l-phenvl-3 ,4.6, 7-tetrahvdro T 1 / 4 1 - 
diazepino r 6 . 7 . l-hi1 indol-3-vlT -3 , 5->dichloro- 
benzamide 



15 



(m, 
(m. 



IH) ; 
2H) ; 



20 



25 



[deb) ; 

-CO-A; 



A = 4-^amino-3,5-aichlorophenyl; B = -NR2R3; ^2 = 



30 



35 




R3 = H] 

The impure fractions obtained on the chromato- 
graphic treatment of Example 4 above are combined and 
evaporated under vacuum. The residue is taken up and 
treated by flash chromatography on a column of silica, 
eluting with dichloromethane progressively enriched with 
acetone. The purified product is eluted with the mixture 
in proportions of 80/2 0 (v/v) . Weight after evaporation: 
0.20 g - beige-white powder - m.p« = > 220*»C 
Analysis in agreement for C3XH22N6O3CI4 -{0.5 CH3-CO-CH3) TLCs 
S.A3; 0.60 

^H NMR 5 (ppm): 3.00-3.15 (m, IH) ; 3.15-3.30 (m, IH) ; 
3.95 (q, IH) ; 4.50-4.60 (m, IH) ; 4.80 (s, 2H) ; 4,90 (S, 
2H); 5.40 (d, IH) ; 7.20-7.45 (m, 6H); 7.70 (s, 2H) ; 7.80 
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(S, 2H) ; 7.85 (d, IH) ; 7.95 (s, IH) ; 8.70 (s, IH) 
I.R.: 3250, 1610, 1530, 1480, 1370, 1260, 880, 780 cm"^ 
Example 6: ( 3R) -2 -Acetvlamino-N- ( 9 -amino-4 -oxo- l-phenyl- 
3 , 4 I. 6 ^ 7 -^te-fcrahydro fl#41diazepinor6^7. 1- 
5 hil indol-3-vl)beng5amide 

[ (Ig) ; As 2-acetylaminophenyl; B = -NHgRa; Rg = R3 = H] 

1.23 g (6,84 romoi) ot 2-acetylaminobeiizoic acid 

are dissolved in 4 0 ml of anhydrous tetrahydrofuran (THF) 
[lacuna] 0.76 g (7.5 itimol) of 4-methylinorplioline, in a 
10 100 ml reactor protected from moisture and under a 
nitrogen atmosphere. 

The solution is stirred for 5 minutes and then 

cooled to -20*»c, 0.93 g (6.84 mmol) of isobutyl chloro- 

- ji 

forma-te are next added and the white suspension is then 
IS Kept stirring at -20<»C for 30 minutes. 2.00 g (6.84 mmol) 

of the intermediate amine 2 dissolved in 11 ml of THF are 

then added at this same temperature. 

The suspension is kept stirring fpr one hour at 

-20^c, and then for 2 hours at 0<>c. After this, the 
2 0 insoluble material is filtered off, the filtrate is 

concentrated under vacuum and the residue is purified by 

flash chromatography on a column of silica. The column is 

eluted with diohloromethane and 1.5 g of amorphous 

purified product are recovered, which product is crystal- 
2 5 lizecl from 100 ml of ethyl ether. The precipitate is 

filtered off and then dried. Weight: 1.20 g - yield s 39% 

- yellow powder - m.p. = 275 

Analysis in agreement for CasHaaNgOa - TLC: S.A6; 0»40 

NMR 6 (ppm) : 2.20 (s, 3H) ; 3.00-3.10 (m, IH) ; 3.20- 
30 3 -30 (m, IH) ; 3.70-3.80 (m, 2Hexch.); 3.85-4.00 <m, IH) ; 

4.55-4.70 (m, IH) ; 5.55 (d, IH) ; 6.50 (s, IH) ; 6.85 (s, 
IH); 7.30-7.60 (m, 7H) ; 7.85 (d, IH) ; 8.10 (d, IH) ; 8.60 
(d, IH) , 11.00 (m, IH) 

I.R.: 3300, 1690, 1640, 1500, 1440, 1370, 1300, 1270, 
35 1240, 1190, 1100, 960, 850, 750, 700 cm^^ 

Example 7: (3R) -N- (9-Amino-4-oxo-i-^phenvl"'3 .4.6, 7-tetra- 

hydro { 1 , 41 diazepino r 6 . 7 . l-^hi^ indol-3-vl) -2- 

methoxvbenzamide 




C de) ; A = 2-methoxyphenyl; B = -NRgRj; R2 = R3 = H] 
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The compound is prepared according to the pro- 
cedure of Example 2, starting with the intermediate amine 
2 and 2-methoxybenzoic acid. The product is purified by 
flash chromatography on a coltncin of silica, eluting with 
5 the mixture S.A8. After evaporation of the solvents, the 
purified product is solidified in ethyl ether, 
- Yield = 65.5% - yellow powder - m.p* = 234 - [ajo = 
+39. 5** (c = l/ CHgCla) 

Analysis in agreement for C2sH2203N4 - TLC: S.A3; 0.60 
10 NMR 5 (ppiri) : 3.00-3.10 (m, IH) ; 3.15-3.3 0 (m, IH) ; 

3.75 (m, 2H) ; 3.95 (q, IH) ; 4,05 (s, 3H) ; 4.55-4.70 
(m, IH) ; 5.65 (d, IH) ; 6.45 (s, IH) ; 6.85 {s, IH) ; 7.00 
(d, IH) ; 7.10 (t, IH); 7.35 (t, 2H) ; 7.40-7.55 (m, 2H) ; 
7.60 (d, 2H) ; 8.25 (d, IH) ; 9.85 (d, IH) . 
15 I.R.: 3300, 1670, 1640, 1600, 1500, 1480, 1470, 1240, 
1160, 1020, 750, 700 cm"^ 

Example 8: (3R) -4 -Amino -N- { 9-amino"^4"^oxo^^l- phenvl- 
3 , 4 . 6 . 7-tetrahYdrQr 1. 4 idiazep ino r 6 > 7.1- 
hil indol-3-vl^ >-5-chloro-2-methoxvbenzamide 
20 [(le); A = 4-amino-5-chloro-2-methoxyphenyl; B = NR2R3; R2 

= R3 = H] 

The compound is prepared according to the pro- 
cedure of Example 2, starting with the intermediate amine 
2 and 4-amino-5-chloro-2-methoxybenzoic acid. The product 
2 5 is purified by flash chromatography on a coltimn of 
silica, eluting with a mixture of dichloromethane pro- 
gressively enriched with methanol. 

- Yield = 38% - yellow powder - m.p. = 198-200*0 [a]n = 

+36,5«» (c = 0,5, MeOH) 
30 Analysis in agreement for C25H22CIK5O3 - TLC: S.A3; 0.50 

^H NMR 5 (ppm) s 2.95-3.10 (s, IH) ; 3.15-3.3 (m, IH); 3.75 

(S, 2H) ; 3.95 (s, 3H) ; 3.85-4.00 (m, IH) ; 4.55 (S, 2H) ; 

4.55-4.65 (m, IH) ; 5.65 (d, IH) ; 6.35 {s, IH) ; 6.55 (d, 

IH) ; 6.80 (s, IH) ; 7.30-7.45 (m, 3H) ; 7.55 (d, 2H) ; 8.15 
35 (s, IH); 9.65 (d, IH) . 

I.R.S 3300, 1660, 1620, 1580, 1470, 1370, 1300, 1240, 

1160, 1110, X040, 980, 700 cm"^ 

Example 9: (3R) -N- (9-2\mino-4-oxo-i-phenYl-3 ,4^6 . 7-tetra- 
hvdrori .41diazepihof 6,7. l-hi1 indol-3-vl) -3- 




cYclopentvloxv-4-niethoxvbenzamide 
[ (le) ; A = 3-cyclopentyloxy-4~niethoxyphenyl; B = NR2R3; 
= R3 = H] 

Compound prepared according to the procedure of 
5 Example 2, starting from the intermediate amine 2 and 3- 
cycXopentyloxy-4-methoxybenzoic acid (prepared according 

to J, Med. Chem. 1994., 37, 1696-1703) . After purifica- 

tion by flash chromatography on a column of silica, 
eluting with ethyl acetate, the product is finally 
10 solidified by dissolution in ethyl acetate and then 
precipitation with hexane. 

- Yield = 63% - yellow powder - m.p. = 138-146*'C - [ajn = 
+48«» {C = 1, CHaClg) 

Analysis in agreement for C30H30N4O4 - TI*C: S»B; 0.40 
15 NHR 5 (ppm) : 1. 55-1.70 (m, 2H) ; 1.75-2.10 (m, 6H) ; 

2.95-3.10 (m, IH); 3.20-3.35 (m, IH) ; 3.80 (5, 2H) ; 3.90 
(S, 3H); 3.90-4.00 (m, IH); 4.55-4.70 (m, IH) ; 4.85-4.95 
(m, IH) ; 5.55-5.65 (d, IH) ; 6.45 (d, IH) ; 6.80-7.00 (m, 
2H) ; 7.30-7.65 (m, 7H) , 7,90-8.00 (d, IH) 
20 I.R. ; 3320, 2920, 1650, 1480, 1370, 1260, 1160, 1020, 
760, 700, 520 cm"^ 

Example 10: OR) -PYridine-2-carboxvlic acid (9-amino-4- 
oxo-l-phenvl-3 ,4,6 , 7-tetrahvdro r 1 > 4 1 diaze- 
pino r 6 , 7 . 1-hi 1 indo 1-3 -y 1 ) amide 
25 [do); A = 2-pyridyl; B = -NR2R3; Rg = R3 = H] 

Preparation according to the procedure of Example 
2, starting with the intermediate amine 2 and picolinic 
acid (or 2-pyridinecarboxylic acid). The product is 
purified by recrystallization from isopropanol. 
30 - Yield = 50% - yellow powder - m.p. = 266-267*^0 - [ajo = 
+67 (c = 1, CH2CI2) 

Analysis in agreement for CgaHj^gNgOg - TLC: S.A2; 0.45 
^H NMR 5 (ppm): 2.95-3.10 (m, IH) ; 3.15-3.35 (m, IH) ; 
3.70-3.85 (s, 2K) ; 3.85-4.00 (m, IH) ; 4 . 55-4 . 70 (m, IH) ; 
35 5.55-5.70 (d, IH) ; 6.45 (s, IH) ; 6.85 (s, IH) ; 7.30-7.70 

(m, 6H) ; 7.80-7.90 (m, IH) ; 8.15-8.30 (m, IH); 8.60-8.7 0 

{m, IH); 9.60-9.80 (d, IH) 

X.R. : 3320, 1660, 1500, 1370, 1270, 1230, 1170, 995, 830, 

690 cm*''' 
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Example 11: OR) -K- (9-amino-4-oxo-l-phenvl-3 ,4,6, 7"-tet:ra- 
hvdro r 1 , 4 1 diazepino 1'6,7,1-liil indol-3- 
vl) nicotinamide 

[dj; A =: 3-pyridyl; B = mi^R^^ = R3 = H] 
5 Preparation according to the procedure of Example 

10 above with the intermediate amine 2 and nicotinic acid 

(or 3-pYridinecarboxylic acid) . After purification by 

chromatography, eluting with the mixture S,A9, the 

product is crystallized from methanol. 
10 - Yield = 33% - yellow powder - m,p. = > 250**C 

Analysis in agreement for CzsHigNsOg - ( 0 • 4 MeOH) - TIiCs 

S.Al; 0.50 

NMR 6 (ppm) : 2,95-3,10 (m, IH) ; 3.20-3,30 (m, IH) ; 
3.80-3.90 (m, IH) ; 4.40-4.50 (m, IH) ; 5,30 (s, 2H) ; 5.55 
15 (d, IH) ; 6.35 (s, IH) ; 6.90 (s, IH) ; 7.40-7.60 (m, 6H) ; 
8.35-8.40 (m, IH) ; 8.75 (d, IH) ; 9.15 (s/ IH) ; 9.90 (d, 
IH) 

I.R.: 3300, 3200, 1660, 1580, 1460, 1380, 1265, 1235, 
1165, 1020, 840, 695 cm""^ 
20 Example 12: (3R) -N- (9-Amino-4-oxo-l-phenvl-3 , 4 . 6 . 7-tetra- 

hydro r 1 # 4 ^ diazepino f 6 , 7 > l-hi1 indol-3-yl) - 
isonicotinamide 
[ (le) ; A = 4-pyridyl; B = -NR2R3; Rg = R3 = H] 

Preparation according to the procedure of Example 
2 5 10 with the intermediat:e amine 2 and isocotinic [sic] 
acid (or 4-pyridinecarboxylic acid) • After purification 
by chromatography, eluting with the mixture S.AIO, the 
product is solidified in diethyl ether. 

- Yield = 41% - yellow powder - m.p. =: > 280 °C - [«]© = 
30 +60.8«> (c = 1, MeOH) 

Analysis in agreement for CgaHigNsOa - TLC: S.Al; 0.5 0 

^H NMR 6 (ppm) : 2-95-3.08 (m, IH) ; 3,20-3.30 (m, IH) ; 

3.80-3.90 (m, IH) ; 4.35-4.48 (m, IH) ; 5.25 (s, 2H exch. ) ; 

5.45 (d, IH) ; 6.00 (s, IH); 6.90 (s, IH) ; 7.40-7.60 (m, 
35 5H) ; 7.95 (d, 2H) ; 8.80 (d, 2H) ; 9.90 (d, IH) 

I.R.: 3300, 3200, 1660, 1480, 1380, 1240, 1170, 1060, 

840, 695, 780, 750, 690 cm"^ 

Example 13: (3R) ■"S-t-Butvloxvcarbonylamino-N- (9-amino"'4- 
0x0- l-phenvl->'3 . 4 > 6 . 7'-tetrahYdro f 1 t 4 1 diaze- 




Pino f 6 , 7 > l-hi 1 indol-a-yl) isonicotinamide 
[(I^); A = 2-butyloxycarbonylamiiio--4"pyridyl; B = -NR2R3; 
R2 = H3 = H] 

0.50 g (1,7 nunol) of the intermediate amine 2 and 
0,41 g (1.7 mmol) of 3--t-b'utyloxycarbonylaminopyridine-4- 
carboxylic acid, prepared by reacting 3-aminoisonicotinic 



10 
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acid with di-^t-butyl dicarbonate in didxane, are dis- 
solved in io ml of anbydrous tetrahydrofuran, in a 
reactor protected from moisture and under a nitrogen 
atmosphere. 

0,9 6 g (2.05 mamol) of PyBrop (bromo-tris-pyrroli- 
dino-phosphonium hexaf luorophosphate) and 0.52 g 
(5.1. mmol) of triethylamine are then added with stirring 
at 20-25«»C. 

The mixture is stirred for 16 hours at 20-2 5 °C/ 
the insoluble material is filtered off and discarded and 
the filtrate is concentrated under vacuum on a water 
bath. 

a?he residue is purified by flash chromatography 
on a column of silica. Elution with the mixture S.A8 
allows 0.55 g of purified product to be obtained. 



- m.p. = 



Yield = 63% - yellow crystallized powder 
221-225^C - [a]j5 = -24.5" (c = 0.5, CHgClg) 
Analysis in agreement for C28H28N6O4 - ( 0 . 6 HgO) - TliC: S.Al; 

0. 70 

NMR 6 (ppm)S .1.4 (S, 9H) ; 2.95-3.10 (m, IH) ; 3.30-3.45 
(m, IH) ; 3.85 (q, IH) ; 4.40 (t, IH) ; 5.30 (s, 2H) ; 5.40 
(d, lli); 6.35 (d^ IH); 6.90 (d, IH) ; 7.35-7.60 (irr, 5H) ; 
7.90 (d, IH) ; 8.40 (d^ IH) ; 9.45 (s, IH) ; 9.90 (s, IH) ; 
10.05 (d, IH) . 

1. R.: 3350, 1720, 1650, 1560, 1510, 1410, 1370, 1240, 
1150, 1050, 1020, 700 cm~^ 

Example 14: ( 3R) - 3-Amino-N- ( 9 - amino -4 - 0x0- 1 -phenyl- 
3.4,6 . 7-tetrahvdro fl.41diazepinQr6,7.>l'- 
hi1 indol-3-Yl) isonicotinamide 
[(1^); A = 2-amiino-4-pyridyl; B = -NRgRa; Rg = R3 = H] 

0.55 g (1.07 mmol) pf the <3R) -3-t-butyloxycar- 
bonylamino-N- ( 9-amino-4-oxo-i-phenyl-3 ,4,6, 7-tetrahydro- 
[1, 4]dias5epino[ 6, 7 , 1-bi ] indol-3-y 1) isonicotinamide 



obtained in the above example is dissolved in 2 0.0 ml of 
anhydrous dichloromethane in a reactor. 4.2 7 g 
(37.5 mmol) of pure trif luoroacetic acid (d = 1.480) are 
added dropwise with stirring at 20-25 °C. After stirring 
for 30 minutes at 20-25«»C^ the mixture is concentrated by 
distillation under vacuum on a water bath. The residue is 
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dissolved in 25 ml of ethyl acetate and the solution is 
washed with twice 10 ml of saturated sodium bicarbonate 
solution and then dried. The solvent is eliminated by 
distillation under vacuum and the residue is purified by 
flash chromatography on silica. Elution with dichloro- 
methane progressively enriched with methanol allows 

0. 17.. g of the correct purified product to be obtained. 

- Yield =: 38% - yellow crystallissed powder - m.p. = 
215-230«C - [aJo = -4,35« (c = 0.5, CHgCla) 
Analysis in agreement for Cz^K^oVeOz '{0 .3 CH2CI2) (0.8 HgO) - 
TLC: S.Al; 0.55 

NMR 6 (ppm) : 2.95-3. XO (m, ... IH) ; 3.20-3.35 (m, IH) ; 
3.30-4.10 (m, 2H) ; 3.85-4.00 (q, IH) ; 4.50-4.70 (t, 1H> ; 
5.55 (d, IH) ; 6.45 (s, IH); 6.85 (s, IH) ; 7.30-7.50 (m, 
4H) ; 7.50-7.65 (m, 2H) ; 7.95 (d, IH) ; 8.05-8.25 (m, 2H) . 

1. R.: 3300, 1640, 1580, 1480, 1370, 1230, 1050, 780, 
7 00 cm"^ 

Example 15: (3R) -3-Acetvlamino-K- (9-acetvlamino-4-oxo-l- 
phenyl-3 .4,6^ 7 -tetrahydro r 1 > 4 1 diazepino- 
^ 6 , 7 , l-hi1 indol*>3-vl ) isonicotinamide 
[(I^); A = 2-acetylamino-'4-pyridyl; B = -NRgRsr = R4 = 
-CO-CH3; R3 = H] 

0.130 g (0.315 mmol) of {3R) -3-amino-N- (9-amino- 
4-oxo-i-phenyl-3 ,4,6, 7- tetrahydro [1,4] diazepino [6,7,1- 
hi]indol-3-yl) isonicotinamide obtained in the above 
example, 1.3 ml of anhydrous pyridine and 0.69 g 
(6.75 mmol) of acetic anhydride are introduced into a 
round-bottomed flask protected from moisture. 

The mixture is stirred for 16 hours at 2 0-25 °C, 
6.5 ml of water are then added and stirring is continued 
for 5 hours, the mixture is extracted with twice 15 ml of 
ethyl acetate and the combined organic phases are washed 
with saturated sodium bicarbonate solution and then 



dried. The ethyl acetate is eliminated by distillation 
and the residue is then purified by flash chromatography 
on silica. 

Elution with dichloromethane progressively 
enriched with methanol allows 0,050 g of purified product 
to be obtained. 



- Yield = 32% - pale-yellow amorphous powder 

Analysis in agreement for C27H24O4N6 [sic] - TLC: S.Al; 

0.52 

10 NMR 6 (ppm) S 2.10 (S^ 3H) ; 2.15 (S, 3H) ; 3.20-3.05 (m^ 

IH) ; 3.25-3.45 (m, IH) ; 3.95 (q, IH) ; 4.60 (t, IH) ; 5.50 
d, IH) ; 7.15 (S, IH); 7.35 (t, 2H) ; 7.40 (t, IH) ; 7.45 
(d,. 2H) ; 7.55 (d, IH) ; 7.90 (s, IH) ; 8.30 (d, IH) ; 8.45 
d, IH) ; 8.55 (s, IH) ; 9.75 (s, IH) ; 10.45 (s, IH) . 
15 Example 16: (3R) -K- (9'-Amino-4-oxo-l-phenyl-3 ,4,6, 7-tetra- 

hydro f 1 , 4 1 diazepino r 6 . 7 , l-hi] indol-3-vl) -3 > 5- 
d ichloroisonicotinamide 
[de); A = 3,5-dichloro-4-pyridyl; B = -NR2R3; R2 = R3 = H] 
The compound is prepared according to the pro- 
20 cedure of Example 2, starting with the intermediate amine 
2 and 3,5-dichloropyridine-4-carboxylic acid. 

The product is purified by chromatography, the 
elution being performed with the mixture S.A8. The 
product is finally crystallized from an ethyl acetate/ 
25 hexane mixture. 

- Yield = 32% - yellow powder - m.p. = .165-166«C - [a]D = 
+175 « (c = 1, CHgCla) 

Analysis in agreement for C23H17CI2N5O2 -(6 . 4 EtOAc) ' - TLC: 
S.A3; 0.60 

30 ^H mm 5 (ppm).: 3.00-3,15 (m, IH) ; 3.25-3.40 (m, IH) ; 
3.70-3,85 (S, 2H) ; 3.85-4.00 (m, IH) ; 4.55-4,70 (m, IH) ; 
5.60-5.70 <d, IH) ; 6.50 (s, IH ) ; 6,85 (S, IH) ; 7,35-7,65 
(m, 5H) ; 7.80-7.95 (d, IH) ; 8.60 (S, 2H) . 

I.R.: 3320, 1660, 1560, 1370, 1230^ 1200, 1090, 1030, 
35 820, 700 cm^ 

Example 17 : (3R) --PYrazine-2-carboxvlic acid (9-amino-4- 
oxo-l-phenvl-3 ,4 *6 >7- 
tetrahvdro r 1, 4 ] diazepino [6^7, l-hil indol-3- 
vl) amide 
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[do); A = 2-pyrazyl; B = -NR^Ra; = R3 = H] 

Compound prepared according to the procedure of 
Kxample 2 with the intermediate amine 2 and pyrazine-2"- 
carboxylic acid. The product is purified by flash chroma- 
5 tography and then crystallization from hexane. 

- Yield = 59% - yellow powder - m.p, = 264 *»C - [a]© = 
+^7* (c = 1, CHaCla) 

Analysis in agreement for CaaHiaNgOg TLC: S.A2; 0.4 0 

NMR 6 (ppm) : 2.95-3.10 (m, IH) ; 3,20-3.35 (m,. IH) ; 
10 3.80-3.95 (m, IH) ; 4.35-4.50 (m, IH) ; 5.30-5.40 (m, 3H) ; 

6,40 (d, IH) ; 6.85 (d, IH) ; 7.40-7.55 (m, 5H) ; 8,80-9,00 
(m, 2H) ; 9.30 (s, IH) ; 9.40-9.50 (d, IH) 

I.R.S 3350, 2900, 1670, 1500, 1370, 1170, 1040, 850, 690, 
53 0 cm^ 

15 Example 18: (3R) ■-Isocminoline-3-carboxvlic acid { 9-amino- 

4-oxo-l-phenYl-3 ,4,6 , V-tetrahydro C 1 ^ 4 1 - 
diazepino T6,7 , l-hi1 indol-'3-vl) amide 
t(Ie); A = 3-isoquinolyl; B = -NR2R3; R2 = R3 = H] 

Compound prepared according to the procedure of 
2 0 Example 2 with the intermediate amine 2 and isoquinoline- 
3-carboxylic acid. The purified product is obtained by 
crystallization and flash chromatography on silica with 
the elution mixture S,A8, 

- Yield ss 55% - yellow powder - m.p. = > 282 *C - [ajo = 
25 +160 (C s: 1, CH2CI2) 

Analysis in agreement for C27H2XN5O2 - TLC: 0.80 

NMR 5 (ppm): 3.00-3.10 (m, IH); 3.20-3.30 (m, IH) ; 
3.80-3.90 (m, IH) ; 4.40-4.50 (m, IH) ; 5.30 (s, 2H) 5.40 
(d, IH) ; 6.40 (s, IH); 6.90 (s, IH) ; 7.40-7.55 (m, 5H) ; 
30 7.20-7.95 (m, 2H) ; 8.20-8.35 (m, 2H) ; 8.65 (s, IH) ; 9.5 
(s, IH) , 9.65 (s, IH) 

I.R.: 3300, 3200, 1670, 1500, 1380, 1300, 1270, 1230, 
1160, 940^ 935, 850, 740, 700 cm~^ 

Example 19 : (3R) -Ouinoline-3-carboxvlic acid (9-amino-4- 
35 0x0-1 -Phenyl- 3 .4,6 > 7 - 1 e trahvdro r 1 , 4 1 - 

diagepino r 6,7. l-hi1 indol-s-yl^ amide 
[de) ; A = 3-quinolyl; B = -NR2R3; R2 = R3 = H] 

Compound prepared accordintf to the procedure of 
Example 2 with the intermediate amine 2 and quinoline-3- 



carboxylic acid. The product is purified by flash chroma- 
tography on silica^ eluting with dichloromethane progres- 
sively enriched with methanol, 

- Yield = 44% - yellow powder - m.p, = zil^'O - [ajp = 
+75. 5« (c =: 0.5, CH2CI2) 
Analysis in agreement for CavHaiNgOa 



NMR 6 (ppm) : 3.00-3.15 (m, IH) ; 3.20-3.40 (m, IH) ; 4.3 
(s, 2H) ; 3.95 (q, IH) ; 4.60-4.70 (m, IJi) ; 5.65 (d, IH) ; 
6.50 (d, IH) ; 6.85 (m, IH) ; 7.55-7.30 (m, 3H) ; 7.60 (d, 
2H) ; 7.65 (m, IH) ; 7.85 (m, IH) ; 7.95 (d, IH) ; 8.15 
(d, IH) ; 8,75 (d, IH) ; 8„75 (d, IH) ; 9.45 (d, IH) . 
I,R,: 3300, 3200, 1650, 1620, 1500, 1480, 1240, 1220, 
790, 760, 690 cm**^ 

Example 20: (3R) - 4 ,7-DimethvlpYrazolor5 . 1- 
c1 ri,2 , 4T triazine-rS'^carboxylic acid (9-amino- 
4 -0x0-1 -phenyl -3 , 4 > 6 , 7-tetrahydr o r 1.41- 
diazepino r 6 > 7 . l-hi1 indol-3-Yl) amide 
[de); A = 4,7-dimethylpyrazolo[5,l-c] [1,2,43-3- 
triazinyl; B = -NR2R3; R2 1^3 = H] 

Compound prepared according to the procedure of 
Example 2 and starting with the intermediate 2 of [sic] 
4 , 7-dimethylpyra2olo [5 , 1-c [ 1 , 2 , 4 ] triazine-3-carboxylic 
[sic] acid. The product is purified by flash chromato- 
graphy on silica, eluting with dichloromethane progres- 
sively enriched with methanol. 

- Yield = 40% - orange-yellow powder - m.p. = 168-170 «C - 
Analysis in agreement for CgsHaaNgOa -(0.5 HgO) - TLC: S.A3; 
0.60 

^H NMR 6 (ppm): 2.65 (s, 3H); 3.00-3.15 (m, IH); 
3.25-3.35 (m, IH); 3.30 (s, 3H) , 3.70-3.80 (m, 2H) ; 3.95 
(g, IH) ; 4.55-4.75 (m, IH) ; 5.65 (d, IH) ; 6.50 (d, IH) ; 
6,85 (d, IH); 7.10 (s, IH); 7.35-7.45 (m, 3H) ; 7.60 (d, 
2H) ; 9.85 (d, IH) . 

X.R.: 3300, 1660, 1560, 1480, 1370, 1300, 1240, X160, 
850, 780, 700 cm"^ 

Example 21: (3R) -4-2\mino-3 . 5-dichlc>ro-N- ( 9-dimethylamino- 
4 -oxo-l-phenvl-3 , 4 , 6 > 7-tetrahvdro r 1 . 4 1 - 
diazepino r 6 . 7 , 1-hi ] indol-3-vl) benzamide 

[(led); A = 4-amino-3,5-dichlorophenyl; B j= -NRgRa; Rz =,^3 
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= CH3] 

2,00 g (4.2 itonol) of (3R) -4~amino-N-- {9-ainino-4- 
0x0-1 -phenyl- 3 ,4,6 , 7 - tetr ahydro [1,4 ] diazepino [6,7/1- 
hi] indol-3-yl) -3 , s-dichlorobenzamide (product of Example 
4) are dissolved in 100 ml of acetonitrile in a 250 ml 
reactor. 



3 •43 ml of 37% formaldehyde solution (42 mmol) are added 
at 2 0-2 5*C with stirring^ followed by 0,80 g (12.5 mmol) 
of sodium cyanoborohydride and 0.50 ml of pure acetic 
10 acid. The mixture is stirred for two hours at room 
temperature, followed by addition of a further 0.50 ml of 
acetic acid, after which the mixture is stirred for 15 
minutes and is then precipitated in 350 ml of ethyl 
ether. 

15 The white precipitate which forms is filtered off 

and discarded and the filtrate is extracted with twice 
100 ml of N NaOH solution. The ether phase is washed with 
saturated Naci solution and then dehydrated. The ethyl 
ether is eliminated by distillation and the residue is 

20 purified by flash chromatography on silica. Glution with 
dichloromethane progressively enriched with acetone leads 
to the recovery of 0.80 g of purified product, which is 
solidified in an ethyl ether /heptane mixture. The product 
is filtered off and then dried. Weight 0.75 g. 

25 - Yield = 35% - orange-yellow powder - m.p. = 174-176*^0 
- Analysis in agreement for C26H23CI2N5O2 -(0.3 HgO) - TLC: 
S.A3; 0.75 

NMR 5 (ppm): 2.90 <s^ 6H) ; 3.00-3. IS {m; IH) ; 
3.25-3.40 (m, IH); 3.95 (q, IH) ; 4.65 (t, IH) ; 4.85 (s, 
30 2H) ; 5.60 (d, IH) ; 6.45 (d, IH) ; 6.95 (s, IH) ; 7.35 
(t, 2H); 7.40-7.50 (m^ IH) ; 7.60 (d, 2H) ; 7.80-7.95 (m, 
3H) . 

I.R.S 3300, 1650, 1610, 1470, 1370, 1270, 1220, 1120, 
780, 700 cm^^ 

35 Example 22: (3R) -4-Amino-3 , S-dichloro-N- (4-oxQ-i-phenvl- 

9-pvrrolidin-l-vl-3 » A , 6 > 7-tetrahYdro r 1 > 4 1 - 
diazepxno r 6 > 7 # 1-^hil indol-3-vl) benzamide 
Cdee); A = 4-amino-^3,5-dichlorophenyl; B = ^2 -^3 

= -(^2)4-] ■ 



3.00 g (6.0 mmol) of (3R) -4-amino-N- (9-amino-4- 
oxo-l-phenyl-3 , 4 , S f 7-tetraliydro [1 , 4] diazepino [6,7/1- 
hi] indol-3-yl) -3, 5-dichlorobenzamide (product of Example 
4) are dissolved in 100 ml of acetonitrile in a 250 ml 
round-bottomed flask. 1.48 g (6,9 mmol) of 1,4-dibromo- 
butane are added and the mixture is maintained at reflux 



with stirring for 16 hours. The acetonitrile is 
eliminated by distillation under vacuum and the residue 
is taken up in 25 0 ml of water and basified with soda 

10 lye. The mixture is extracted with 3 times 100 ml of 
dichloromethane, the combined organic phases are washed 
and then dried and the solvent is eliminated by distilla- 
tion. The residue is purified by flash chromatography on 
a column of silica ^ eluting with dichloromethane progres- 

15 sively enriched with acetone. Weight: 0.75 g. Yield = 
7.5%. 

Analysis in agreement for CaaH^sClsNsOs - TLC: S,A6; 0.85 

NMR 5 (ppm) : 1.90-2.05 (m, 4H) ; 3.00-3.10 (m^ IH) ; 
3.15-3.25 (m, 4H) ; 3.25-3.40 (m, IH) ; 3.95 (q, IH) ; 4.60 
20 (t, IH) ; 4.80 (Sr 2H) ; 5.50 (d, IH) ; 6.25 (s, IH) ; 6.75 
(s, IH) ; 7.30-7.50 (m, 3H) ; 7.60 (d, 2H) ; 7.80-7.95 (m, 
3H) . 

I.R.: 3300, 1650, 1610, 1470, 1380, 1270, 890, 780, 
7 00 cm"^ 

2 5 Example 23: ( 3R) -4 ~Amino-3 , 5-dichloro-N- ( 4 -oxo-l-phenvl- 

9 -morpliolin-l-vl-3 > 4 ^ 6 , 7-tetrahYdro f 1 > 4 1 - 
diazepino r 6 ^ 7 ^ l-hi1 indol-3^Yl) benzamide 
[(lee)' A = 4-amino-3,5-dichlorophenyl; B = -NRgRat -Ra 

= ^(CH2)2-0-(CH2)2-] 

3 0 The compo-und is prepared according to the pro- 

cedure of Example 22 above, starting with 1.0 g 
(2.1 mmol) of (3R) -4-amino-N-(9-amino-4-oxo-l-phenyl- 
3, 4, 6, 7-tetrahydro [1, 4]dia2;epino[6,7 , 1-hi] indol-3-yl) - 
3,5-dichlorobenzamide (product of Example 4) in 3 5 ml of 
35 acetonitrile and 0.67 g (3.1 mmol) of 2-dibromoethyl 
ether. The product is purified by flash chromatography. 
TLC: S.A6; 0.55. 

^H NMR 6 (ppm): 2.90-3.10 (m, 5H); 3.20-3.35 (m, IH) ; 
3.70-3.80 (m, 4H) ; 3.90 (q, IH) ; 4.60 (t, IH) ; 4.75 



-sa- 
cs, 2H) ; 5.50 (d, IH) ; 6,60 (s, IH) ; 7.05 (s, IH) ; 
7.30-7.45 (lu^ 3H) ; 7.50 (d^ 2H) ; 7.75 (d, 1H> ; 7.80 (s, 
2H) . 

Example 24: (3R) -4-*Amino-3 . 5-dichloro-N-- (9-'auanidino-4- 
5 oxo"*l*"phenvl-3 ^ 4 > 6 # 7 -te trahvdr o r 1 * 4 1 - 

diazepino r 6 * 7 , l-hi1 i3idol-3-vl) benzamide 
[(lea); A = 4--ainino-3,5-dicnioropnenyi; B = -NR2R3; R2 = 
-C(NH) NH2R3 = H] 

2.02 g (4,2 mmol) of (3R) -4-ainino-N-- <9~ainino-4- 

10 oxo~l-phenyl-3 ,4,6 , 7-tetrahydro [1,4] diazepino [6,7,1- 
hi] indol-3-yl) -3 , S-dichlorobenzamide dissolved in 50 ml 
of dichloromethaixe are introduced into a 250 ml reactor. 
5 ml of 4N hydrochloric ether are added and the solvents 
are then evapora-bed off under vacuum. 

15 The residue is taken up, with stirring, in 150 ml 

of acetonitrile and 0.192 g (4.6 mmol) of cyanamide is 
added at 20-25*C with stirring. The suspension is heated 
and maintained at reflux for 41 hours with, stirring. 
After cooling to about 10 °C, the insoluble material is 

20 filtered off and -taken up in 25 ml of water. The mixture 
is basified with 10 N soda lye and extracted with twice 
50 ml of dichloromethane. The combined organic phases are 
washed and dried and the solvent is then eliminated by 
distillation. The crude product (1.0 g) is purified by 

25 flash chromatography on silica. Elution with a mixture of 
dichloromethane and 10% ammoniacal methanol in a proper*^ 
tion of 50/50 allows the expected product to be purified. 
Weight = 0.27 g - 
- Yield = 13% - pale yellow powder - m.p. = > 220**C 

30 Analysis in agreement for C2SH21CI2N7O2 -(4 H2O) - TLC: S.C; 

0.20 

NMR 6 (ppm) : 3.00-3.15 (m, IH) ; 3.20-3.35 (m, IH) ; 
3.90 {q, IH) ; 4.45 (t, IH) ; 5.45 (d, IH) ; 6.80 (s, IH) ; 
7.30 (S, IH) ; 7.40 (t, 2H) ; 7.45-7.6.0 (m, 3H) ; 8.00 (s, 
35 2H) 8.65 (s, 2H) ; 9.55 (d, IH) . 

Example 25: ( 3R> -"N- (9-Acetylamino-4-oxo-l-phenvl->3 > 4 > 6 > 7- 
tetrahvdro ri> Aldiazepinor 6 , 7 , l-hil indol-3- 
vl) -4-'amino-3 , 5-dichlorobenzamide 
[deb); A = 4-amino-3,.5-dichlorophenyl; B = -NR2R3; R2 = 
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-C(0)CH3; R3 = H] 

2.50 g (3 .12 mmol) of (3R) -4-amino-N-" (9-amino-4-- 
0x0-1 --phenyl -3 , 4 , 6 , 7-tetrahydro [ 1/ 4 ] diazepino [ 6 ^ 7 ^ 1- 
hi] indol~3-yl) -3 , S-dichlprobenzamide dissolved in 
5 12*85 ml of anhydrous pyridine are introduced into a 
25 ml round-bottomed flask, followed by addition of 
6.70 g, i.e. €.2 ml (6.56 mmol) of acetic anhydride. The 
solution is stirred f or . 16 hours at 20-25«C, 65 ml of 
water are then added and the mixture is left stirring for 

10 4 hours at room temperature. The mixture is next extrac- 
ted with 3 times 75 ml of ethyl acetate and the combined 
organic phases are washed with saturated sodium bicarbon- 
ate, solution and then dried and evaporated under vacuum. 
The residue is purified by flash chromatography on a 

15 column of silica, eluting with dichloromethane progres- 
sively enriched with methanol. The purified residue, 
weighing 2.0 g, is taken up in ethyl acetate and washed 
with HCl and then with water in order to remove the 
residual pyridine. 

20 Weights 0.70 g - yield zz 43% - m.p. = 192 «C - 

Analysis in agreement for C26H21CI2N5O3 -{0 . 6 HgO) - TLC: 
s.Al; 0.75 

NMR 6 (ppm) 5 2«10 (s, 3H) ; 3-00-3.15 (m, IH) ; 
3.20-3.35 {m, IH); 3.95 (q, IH) ; 4.60 (t, IH) ; 4.85 (s, 
.25 2H) ; 5.35 (d^ IH) ; 7.00 (s, IH) ; 7.25-7.50 (m, 5H) ; 7.80 
(s, 2H) ; 7.85 (d, IH) ; 7.95 (s, IH) 8.35 (s, IH) 
I.R.S 3300, 1660, 1610, 1540, 1470, 1370, 1270, 780, 
700 Clli"^ • 
Example 26: ORY -4-rAmino-3 > 5-dichloro-N- ( 9 - / 2 - r 2 - ( 2 - 
3 0 me thoxvethoxv) ethoxvl acetylamino 1 -4 -oxo-1- 

phenyl-3 > 4 , 6 , 7-tetrahYdro f l , 4 diazepino- 
f 6 , 7 , 1-hi T indol-3 -y 1 > benzamide 
tdeb); ^ = 4-amino-3,5-dichlorophenyl; B = -NR2R3; ^2 = 
CH3 -(0-CH2-CH2)2-0-CH2-CO; R3 = K] 
35 The compound is prepared according to the proce- 

dure of Example 2, starting with (3R) -4-amino-N- (9-amino- 
4-oxo-l-phenyl-3 ,4,6, 7 -tetrahydro [1,4] diazepino [6,7^1- 
hi] indol-3-yl) -3,5-?"diohlorobenzamide (product of Example 




4) and 3,6,9-trioxodecanoic acid. 



The product is purified by flash chromatography 
on silica, eluting with aichloromethane progressively 
enriched with acetone. 

- Yield = 45% white powder - m.p. = 105-107*?C - 
Analysis in agreement for CaiHaiClaNsOg -(0 .55 HgO) - TIiC: 
S.A6; 0.25 



10 



15 



20 



25 



30 



35 




NMR 6 
3.30-3.40 



(ppm) : 3.05-3,20 (m, IH) ; 3.25 (s, 3H) ; 
(m, 3H) ; 3.45-3.60 (m, 2H) ; 3.60-3.80 (m, 4H) ; 
4.00 (q, XH) ; 4.10 (d, 2H) ; 4.65 (t, IH) ; 4.85 (s, 2H) ; 
6.45 (d, IH) ; 7.20 (d, IH) ; 7.30-7.45 (m, 2H) ; 7.45-7.50 
(m, IH) ; 7.55 (dd, 2H) ; 7.80-7.90 (Itt, 3H) ; 8.10 (s, IH) ; 
8.95 (S, IH) . 

I.R.S 3250, 2850, 1670, 1610, 1520, 1460, 1370, 1270, 
1100, 780 cm"^ 

Example 27: (3R) - ( 2-/2- r3- (4-Amino-3 , 5-dichlorobenzovl- 
amino) -4-oxo-l-phenvl-3 ,4,6, 7-tetrahYdro- 
ri,41dia2epinor6^7, 1-hil indol-a-ylcarbamovl- 
methoxYl ethoxvlethoxv) acetic acid 

C (leifo) ; A = 4-aiiiino-3, 5-dichlorophenyl; B = -NR2R3; R2 = 

HOOC-CH2-(0-CH2-CH2)2-0-CH2-CO; R3 = H] 

The compound is prepared according to Example 2 3 

above with 3, 6,9-tripxaiindecanedioic acid. The product is 

purified by chromatography followed by solidification in 

diethyl ether. 

- Yield =s 30% - pale yellow powder - m.p. = > 230^0 - 
Analysis in agreement for CaaHgxClgNgOs -(1 HgO) - TIiC: S.C; 
^H NMR 5 (ppm): 3.05-3.20 (m, IH) ; 3.35-3.45 (m, IH) ; 
3.45 - 3.65 (m, 9H) ; 3.70 (s, 2H) ; 3.90 (q, IH) ; 4,10 (s, 
2H); 4.40 (t,. IH) ; 5.45 <d, IH) ; 6.65 (s, 2H) ; 7.40-7.60 

(m, 6H); 7.95 (s, IH); 8,00 (s, 2H); 9.55 (d, IH) ; 10.15 

(s, IH); 

I.R.: 3250, 1610, 1520, 1460, 1370, 1270, 1100, 780, 

7 00 cm""^ 

Example 28: (3R) -Hexadecanoic acid r3- (4-amino-3 , 5- 
dichlorobenzovlamino) -4-oxo-l-phenvl-3 ,4,6,7- 
tetrahvdrori,41diazepinof 6 , 7 , l-hil indol-9- 
ylamide 

[deb); A = 4 -amino-3, 5-dichlorophenyl; B = -NR2R3; R2 = 
CH3-{CH2)„-CO; R3 = H] 
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1.00 g (2.1 mmol) of (3R) -4~amino-N- {9-ainino-4- 



oxo~l-~phenyl-3 ,4,6, 7-tetrahydro [ 1 , 4] diazepino [ 6 , 7 , X- 
hi] indol-3-yl) -3 , 5-dichlorobenzamide (product of Example 
4) is dissolved in 10.0 ml of anhydrous pyridine in a 
5 25 ml round-bottomed flask under a nitrogep atmosphere. 

0. 63 g (2.3 mmol) of hexadecanoyl chloride (or palmitoyl 
chloride) is then added at 20-25^C. The solution is Kept 
stirring at 20-2 5 for 2 h 30 and is then concentrated 
under vacuum. The residue is taken up in 50 ml of 1/1 

10 (v/v) dichloromethane/diethyl ether mixture. The organic 
phase is washed with 3 times 25 ml of N HCl solution and 
then successively with 3 times 25 ml of 10% NaOH solution 
and 3 times 25 ml of water, after which it is dried and 
the solvents are eliminated by distillation. 

15 The residue is solidified in heptane, filtered 

off and dried. Weight: 0-90 g 

- Yield = 60% - white powder - m.p. = 130*'C - 
Analysis in agreement for CH40H49CI2N5O3 ^ TLC: S.A; 0.85 
NMR 6 (ppm) : 0.85 (t, 3H) ; 1.25 (s, 24H) ; 1.50-1.70 
20 (m, 2H) ; 2.25 (t, 2H) ; 3.05-3.15 <m, IH) ; 3.20-3.35 
(m, IH) ; 3.95 (g, IH) ; 4.60 (t, IH) ; 4.85 (s, 2H) ; 5.35 
(d, IH) ; 7.00 (s, IH) ; 7.25-7.35 (m, 2H) ; 7.40 (d, IH) ; 
7.45 (d, 2H) ; 7.75-7.90 (m, 3H) ; 7.95 (d, 2H) . 

1. R.: 3250, 2900, 2800, 1660, 1610, 1530, 1460, 1370, 
25 1270, 1230, 1120, 880, 780 cm"^ 

l^xample 29: (3R) -lsoquirioline-3-carboxvlic acid C9- 
acetvlamino-4-oxo-l-phenvl-3 .4^6^ 7-tetra- 
hvdro r 1 . 4 1 diazepino f 6 ^ 7 > 1-hi } indol-9 -vl ) amide 
tdeb); A = 3-isoquinolyl; B = -NR2R3; R2 = CH3-CO; R3 = H] 
30 0.45g (1.0 mmol) of (3R) -isoqpiinoIine-3-car- 

boxylic acid (9-amino-4-oxO"l-phenyl-3,4, 6,7-tetrahydro- 
[ 1 , 4 ] diazepino [6,7, l-hi] indol-3-yl) amide (product of 
Example 18) is dissolved in 10. 0 ml of anhydrous pyridine 
in a 50 ml round-bottomed flask . under a nitrogen 
3 5 atmosphere. 3.0 ml (30 mmol) of acetic anhydride are 
added, the mixture is stirred at 20-25«c for 30 minutes 
and the medium is then precipitated in 100 ml of ice- 
water. . 




The solution is extracted with dichloromethane. 
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the organic phase is washed with water and dried and the 
solvents are then eliminated by distillation under 
vacuum. The residue is taken up in 100 ml of ethyl ether 
and stirred at lO^'C for 30 minutes. The precipitate is 
5 filtered off and dried. Weight: 0.40 g. 

Yield = 82% > white powder - m.p. s 280<^C 

^ Analysis in agreement for Cg^HaaNsOa - TLC; s.A; 0.20 

NMR 6 (ppm): 2.10 (s, 3H) ; 3.00-3.10 (m., IH) ; 3,20- 
3.3P (m, IH) ; 3.85-3.95 (m, IH); 4.50-4.60 (m^ IH); 5.50 

10 (d, IH); 7.10 (s, IH) ; 7.20-7.40 {m, 4H); 7.50 (d, 1H> ; 
7.70-7.80 (m, 2H) ; 7.95 (s, IH) ; 8.00 (d, IH) ; 8 . iO (d, 
IH); 8.60 (s, IH); 8.75 (s, IH) ; 9.30 (s, IH) ; 9.8 (d, 
IH)., 

I.R.S 3300, 1650, 1490, 1380, 1250, 1160, 1050, 980, 860, 

15 770, 750, 695 cm"-^ 

Example 30: (3R) N- (9-amino-4-oxo-l-phenvl-3 ,4,6. 7-tetra- 
hydro r 1 . 4 1 diazeoino r 6 . 7 . l-hll indol-3-vl> ->2 - 
benzofuranecarboxamide 
C(Io) ; A = 2-benz6furanecarboxyl; B = -NR2R3; = =H] 

2 0 Preparation according to the procedure of Example 10 
starting with the intermediate amine 2 and benzofurane - 
2-carboxylic acid. After purification by chromatography 
eluting with dichloromethane progressively enriched with 
acetpne and evaporation of the solvents, the product is 

2 5 obtained as an amorphous powder. 

Yield = 22 % - pale yellow powder - p = > 260 »C 
Analysis in agreement for C26H2oN403 (0.25 H^O) 
TLC: S.AIO ; 0.60 

^H NMR 6 (ppm) : 3.00"-3.15<m,lH); 3.20-3.40(m,lH) ;3.50- 
30 4.00(m,2H) ;3.95 (q,lH) ;4.6S{t,lH) ;5 . 65 (d, IH) ; 6 . 50 <s, IH) ; 

(6.85(S,1H) ;7.30(t,lH)7.3 5-7.40(m,2H) ;7,42- 
7,50 (m,2H) ;7.55(s,lH) ;7,60 (d,3H) ;7.70(d,lH) ;8.45(d,lH) 
I.R. ; 3200, 1650, 1590, 1470, 1440, 1370, 1270, 1170, 
840, 750, 690 cm"^ 

3 5 Example 31: (3R) N- r 4-oxo-l-phenvl-9- {pyrrolidin-l-vl) - 

3 , 4 r 6 , 7-tetrah vdro f 1 . 4 1 diaze pino r 6 , 7 > i- 
hlT indol -3-vl)-isonicotinamide 
Cdee); A = 4-pyridyl; B = -NRgRa; R^ ^ R3 = -(CHa)^-] 
1.20 g (3.4is mmol) of (3R) 3-amino-l-phenyi-9-pyrroiidin- 




1-yl) -6, 7-<aihydro-3H-[i, 4]diazepino[6, 7 , l-hi] inaol-4-one 
(Ilf) intermediate 4 are dissolved in 24,0 ml anhydrous 
pyridine in a reactor protected from moisture. At a 
temperature < 0 °C, 0.92 g (5,17 mmol) of hydrochloride 
5 of isonicotinic acid chloride is added to the solution. 
The suspension is agitated for 48 hours at 20-2 5 «c under 
nitrogen atmosphere. 10 ml water and 10 ml 
dichloromethane are then added. The organic layer is 
separated, the aqueous phase is again extracted with 

10 dichloromethane. Organic phases are put together, washed 
with water then dried. After evaporation of the solvents, 
the residue is purified by rapid chromatography on a 
column of silica. Elution by dichlorometane progressively 
enriched with methanol and elimination of the solvents 

15 yields a product in a pure state as a yellow amorphous 
powder. 

Mass : 0.30 g - Yield : 19.2 % - P = 273 «C 
TIiC = S.AIO ; 0.50 

NMR 5 (ppm) : 2,00 {m,4H>; 3.00 (m,lH); 3.20 (m,4H); 
20 3.30 (m,lH); 3.90 (q, IH) ; 4.55 (q, IH) ; 5.50 {d,lH); 6.25 
(s,lH); 6.70 (s,lH); 7.20-7.50 (m,3H); 7.60 (t,2H); 7.70 
(d^2H); 8.00 (d,2H) ; 8.75 (d,2H) 

I.H. : 3040, 1640, 1480, 1380, 1240, 1160, 1060, 1020, 

900, 880, 840, 700, 600 cm"^ 
25 Example 32: (3R) 4 . 7-'dimethvl-PYrazolo rs , 1- 

c1 ri,2^41triazine"'3-oarboxvlicacid r4-oxo'*l- 
phenv-9" (t)vrrolidin'-l-vl> -"3 > 4 > 6 > 7-tetra- 
hydro r 1 . 4 1 diazepino r 6 ^ 7 . l-hll indol"%3-vl) - 
amide 

30 [dee); A = 4,7-dimethyl-pyraz;olo[5,l-c] [l,2,4]-3- 
triazinyl, B = -NR2R3; R^. - R3 = '-(CH2)4-] 

Compound prepared according to the procedure of Example 
2 starting with intermediate 4 from 4,7-dimethyl- 
pyrazolo [ 5 , 1-c] [1,2,4] tr iazine-3-carboxylic acid . 
35 The product is purified by rapid chromatography on silica 
eluting with dichloromethane progressively enriched with 
methanol. 

Yield : 20 % - Yellow amorphous powder - F = > 300 ®C 
TLC = S.A8 5 0.20 



NMR 5 (ppm) : 2.10 (m,4H> ; 2,60 (s,3H); 3.00 (m,iH); 

3.15 (S,4H); 3.25 (s,3H); 3.30 (s,lH); 3.90 (q, IH) ; 4.60 
(xn^lH); 5.60 (d,lH); 6.25 (s,lH); 6.70 (s,lH); 7.00 
(S,2H>; 7.35 (m,3H); 7.60 (d,2H); 9.80 (d^lH) 
5 I.R. : 1660, 1560, 1450, 1360, 1240, 700 cm"^ 



Biological section 

- Inhibitory activity of phosphodiesterase 

The capacity of the compounds of formula (I) of 

10 the invention to inhibit cyclic nucleotide phospho- 
diesterases is evaluated by measuring their ICgo (concen- 
tration necessary to inhibit the enzymatic activity by 
50%) . In the case of PDEs 4, this value is compared to 
the IC50 of rolipram, a PDE 4-specific inhibitor, rela- 

15 tive to the ICso of rolipram on the IC50 of the product to 
be tested with respect to the same enzymatic preparation. 

The various types of phosphodiesterase are ob- 
tained partially purified on a DEAE-cellulose column from 
guinea pig trachea and dog aorta according to a method 

20 adapted from W.J. Thompson et al., 1979, Advances in 
cyclic Nucleotide Research, Vol. 10s' 69-92, ed. G. 
BrooJcer et al. Raven Press, New York, and from P.J. 
silver et al., 1988, Eur. J. Pharmacol. 150 ; 85-94, and 
from the U937 cell line of human origin, according to a 

25 method adapted from T.J. Torphy et al. , 1992, J. Pharm. 
Exp. Ther. 263 s 1195 - 1205. 

Measurement of the enzymatic activity for the 
various types of PDE, and in particular for the PDEs 4, 
is then made according to a method also adapted from 

3 0 W.J, Thompson, XJbidem. 

In order to determine the ICgof the enzymatic 
activity is measured in the presence of the inhibitor 
over a range of concentrations from 0.1 to 100 /xM. 

The following table illustrates the inhibitory 

3 5 activity of PDE 4 when compared with that of rolipram on 
an enzyme preparation obtained from the line U9 37. 
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. Ex. 


ICk^ rolipram 
ICgo example 




ic^n rolioram 
ICso example 


1 


1,9 


18 


11. 0 


4 


33,0 


19 


1.4 


8 


3-^-4 


. :2.0 


l-i^l 










12 


2.0 


21 


3.3 


12 A (salt) 


5.7 


30 


15. 0 


13 


1.6 


32 


4.0 



Examination of the results from the above table 
shows that the products of the invention tested in the 
study generally inhibit the PDE 4 enzyme of human origin 
more effectively than rolipram, and/ in certain cases, 
are about 3 0 times more active than rolipram. 

Moreover, tests performed on different types of 
PDE, purified from guinea pig trachea or dog aorta, show 
that the ICso values obtained v^ith the products of the 
invention with respect to PDEs of type 3 and of type 1 
and 5 are much higher than those measured for the PDEs of 
type 4. 

These results are strong evidence of a powerful 
and selective inhibitory activity of the products of the 
invention on PDEs 4. 

- Antiinflammatory and antiallergic activity in vivo 

The effects of the products of the invention were 
studied on guinea pigs in a model of eosinophil infiltra- 
tion induced by antigen stimulation or by exposure to a 
PAP aerosol, according to a methodology described by 
Lagente V. et al., (1994) Br. J. Pharmacol. 112,, 83P. 

The administration of products of the examples 
(1-30 mg/kg p.o.) significantly reduces the number of 
eosinophils in the broncho-alveolar washing liquid. 

The administration of products of the invention 
also reduces the inflammatory responses induced by the 
intratracheal instillation of IL-5 in guinea pigs. 

These results demonstrate the antiinflammatory 
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and/or immunosuppressant activity of the products of the 
invention- The products of the invention will thus be 



particularly useful for the treatment or prevention: 
- of allergic pathologies, and in particular asthma and 
5 atopic dermatitis; 



inflammatory intestinal complaints (hemorrhagic rectocol- 
itis and Crohn's disease); 
10 including cases in which an autoimmune component exists. 

Pharmaceutical section 



the form of compositions which are appropriate for the 
nature and severity of the complaint to be treated. The 

15 daily dose in humans is usually between 2 mg and 1 g of 
product, which may be taken in one or more individual 
doses. The compositions are prepared in forms which are 
compatible with the intended route of administration, 
such as, for example, tablets, coated tablets, capsules, 

20 mouthwashes, aerosols, powders for inhalation, supposito- 
ries, gels or suspensions. These compositions are pre- 
pared by methods which are familiar to those skilled in 
the art and comprise from 0.5 to 60% by weight of active 
principle- (compound of formula I) and 40 to 99.5% by 

25 weight of a pharmaceutical vehicle which is appropriate 
and compatible with the active principle and the physical 
form of the intended composition. By way of example, the 
composition and the preparation of tablets containing a 
compound of the invention are given be lows 



inflammatory pathologies, in particular bronchial 




The products of the invention are administered in 



Active substance of formula (I) 



1 to 7 5 mg 



Lactose 



12 4 to 74 mg 



Microcrystalline cellulose 



3 6 to 6 0 mg 



Po ly viny Ipyrr o 1 idone 



6 mg 



Sodium carboxjrmethyl starch 



8 mg 




Magnesium stearate 



1 mg 



Mix together the active substance, the lactose, 
the itiicrocrystalline cellulose and the carboxymethyl 
starch. Moisten and granulate using an aqueous or alco'-- 
hollc polyvinylpyrrolidone solution of appropriate 
concentration. Dry and adjust the size distribution ot 
the granule* Hix in the magnesium stearate homogeneous ly« 
carry~out™tam^"t*iis€(^^~ttr^^^^^ — 

Throughout this specification and the claims which 
follow, unless the context requires* otherwise, the word 
"comprise", and variations such as "comprises" and 
»« comprising" , will be understood to irr^ly Che inclusipn 
of a stated integer or step or group of integers, or 
steps but not the exclusion of any other integer or step 
or group of integers or steps. 

The reference to any prior art in this 
specification is not, and should not be taken as, an 
acknowledgment or any form of suggestion that that prior 
art forms part of the common general knowledge in 
Australia. 



16/05 '01 WED 16:24 [TX/RX NO 9654] 



- 6?. 



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 



1. Diazepinoindoles of formula, (I) 




• • • « 

» 

• • • 4 



in which: 

5. - A is aryl or nitrogen-containing heteroaryl^ each 
optionally being 3ubstitute<3i with one to three groups 
chosen independently from halogen, lower alXyl^ 
halpalKyl, lower alJcoxy^ cycloalkyloxy^ amino, lower 
alkylcarbonylamino or lower alXyloxycarbonylamino ; 
10 - B is: 

!•) -o?ti, being -"H or R4, 

2-) -HR^Rj, Rz being -CCKHjNKz and R, being -H, 
3**) ■"NR2R3^ Ra being R, and R3 being ^n, 

4*') -NRaRj, R^ and R3 independently being or lower 

IS alXylr or 

5") -Kf-Ra-Rj, R2 atnd R, forming, together with the nitro- 
gen atom to which they are attached, a saturated five- to 
3 even-member ed heterocycle which may comprise, as second 
hetero atom not attached directly to tbe nitrogen atom^ 

ao an oxygen, a stilfur or a nitrogen; 
- R^ is: 

2 » ) -CO- <CHj) p-COzH, 

30) -co-A, wUere A has the definition indicated above, 

^5 40 J -CO-CH = CH-COjH, 

50 J . ^co- (CH2>,,-CH3, n being an integer ecjual to or 
greater than 0 and less than or equal to 18, 
6») -CO- (CH2«0-CR2)p-CHz-0-'CH3, 
7°) -CO-{CH2-0-CH2)p-COj,H, 
30 8») -(CH2)p-Kii5R^, R3 and Rg independently being -H or 
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lower alkyl, or 

9°) - (CH2)p-Kf-R5-R6. Rs and Rg forming, together with the 
nitrogen atom to whiah they are attached, a saturated „ 

to seven- me mbered heterocycle which may comprise, as second 
S hetero atom not attached directly to the nitrogen atom, an 

o^cygen, a sulfur or a nitrogen; 

- p is an integer equal to 2, 3 or 4; 

racemic forms and isomers thereof of configuration 

determined in particular by carbon 3 of the diazepinoindol- 
10 4 -one ring, 

as well ats the pharmaceutically acceptable salts thereof. 

2, Diazepinoindoles of formula (I) according to Claim 1, 

characterized in that their absolute configuration is R 

according to the Cahn-lngold-Prelog rule, considering the 
15 asymmetric carbon atom in an alpha position relative to the 

carbonyi of the diazepine ring. 

3- Diazepinoindoles of formula (I) according to either 
Claim 1 or Claim 2, characterized in that B is ORx or NR2R3 
where Rj,, B.^ and R3 are hydrogen. 
20 4. Diazepinoindoles of formula (1) according to any one of 
Claims 1 to 3 , in which A is aryl substituted with one to 3 
groups independently chosen from halogen, amino and lower 
alkoxy. 

5, Diazepinoindoles of formula (I) according to any one of 
25 Claims l to 3, in which A is monocyclic nitrogen-containing 

heteroaryl comprising from 1 to 2 nitrogen atoms or bi cyclic 
nitrogen-containing heteroaryl comprising from 1 to 4 
nitrogen atoms. 

6. Diazepinoindoles of formula (I) according to Claim 5, 
30 in which A is heteroaryl substituted with amino, lower 

alkyl, lower alkyloxycarbonylamino or alkyl carbonylamino 
groups. 
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7, Compound© of fortnuia (1) according to any one of Claims 
1 to 3, selected from those listed as follows: 

- (3R) -isoq[uinoline-3-carboxyiic acid (9-hydroxy-4-oxo-l- 
phenyl --S , 4,6, 7--tet rahydro [1,4] diazepino [6,7, 1-hi] indol -3 - 

5 yl ) amide 

(3R) -4-t-butyloxycarbonylamino-N- (9--a.niino-4-'OXO-l- 
phenyl-3 , 4 , 6 , 7- tetrahydro [1,4] dxazepino [6 , 7, 1-hi] indol -3 - 
yDbenaatnide 

(3R) -4- amino- W- {9-amino-'4-oxo-l-.phenyl-3,4, 6, 7-tetra- 
10 hydro [1 , 4] diazepino [6,7, l-hi] indol-S -yl) -3 , S-dichlorobenz- 
amide 

(3R) -4-amino-N" (9-amino-4-oxo-l-phenyl-3 , 4 , 6, 7-tetra- 
hydro [1,4] diazepino [6, 7, l-hi] indol-3-yl) -5-chloro-2- 
me t hoxyben z ami de 
15 - (3R) -N- (9-amino-4-oxo-l-phenyl-3,4,6,7-tetrahydro- 
[1, 43 diazepino (6, 7, l-hi] indol-3~yl) isonicotinamide 

(3R) -3-t-butyloxycarbonylaTnino~N~ (9-amino-4-oxO'-l- 
phenyl-3,4, 6,7-tetrahydro[l,4jdia.zepino[6, 7, X-hi] indol-3- 
yl) isonicotinamide 
20 - {3R) ~isoquinoliiie-3-Ga,rboxylic acid {^"amino-4-oxo-l'- 
phenyl -3 , 4 , 6, 7-.tetrahydro [1,4] diazepino [6, 7, l~hi) indol-3- 
yl) amide 

(3R) ~quinoline-3-carboxylic acid (9-amino-4'-oxo-l"- 
pheny 1 -3,4,6,7- 1 e t r ahydr o [ 1 , 4 ] d i a zepi no [ 6 , 7 , 1 - hi ] i ndol - 3 - 
25 yl) amide 

(3R)-4,7-dimethylpyrazolo[5,l«c] [l , 2 , 4] triazine-3- 
carboxylic acid (9-amino-4-oxo-l-phenyl-3, 4 , 6, 7- 
tetrahydro [1 , 4] diazepino [6,7, l-hi] indol-3-yl) amide 

- (3R) -4-amiho-3 , 5-dichloro-N- (9-dimethylamino-4-oxo-l- 
30 phenyl -3, 4 , 6, 7- tetrahydro [1 , 4] diazepino [6, 7, l~hi] indol-3- 

yDbenzamide. 

(3R) N- (9-amino-4-oxo-l-phenyl-3, 4,6,7-tetrahydro- 
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[1, 4]diaz;epino[6, 7. 1-hi] indol-3-yl> -2- 
benzof uranecarboxamide / 

- — — (3R) 4 77 =^dlmethy3;^yra2:o3;o [5^^^^ 

carboxylic acid [4-oxo-l -phenyl- 9- (pyrrolidin-l-yl) -3,4,6,7- 
tetrahydro- [1 , 4] diazepino [6,7, 1-hi] indol-3 ~yl] -amide . 

8 . (3R) -4-amino-N'- (9-amino-4-oxo-i-phenyl -3 , 4 , 6 , 7- 
tetf ahydro [1 , 4] diazepino [6,7,1 -hi] indol -3 ~yl ) benzamide . 

9 . {3R) -N- (9-amino-4-oxo-l-phenyl-3 , 4,6, 7 - tetrahydro- 
[1, 4] diazepino [6, 7, l~hi] indol-3-yl) -nicotinamide. 

10. Aininodiazepinoindoles which are intermediates in the 
preparation of compounds of formula (I) according to claim 
1, corresponding to the formula (II) 




(in 



20 in which B is ORi or NR2R3 and Ri, Rg and R3 are hydrogen. 
11. Process for preparation of compounds according to 
formula (I) of claim 1 



25 
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consisting of: 

a) to obtain the compounds (lb) of formula (I) in which B 
is an -OH group: 

acylating an aminodiazepinoindole (lib) of formula (II) , 

5 in which B is an -OH group, with a reactant (III) of formula 
Z-CO-A, in which A is nitrogen- containing aryl or 
heteroaryl, each optionally substituted with one to three 
groups independently chosen from halogen, lower alkyl, lower 
haloalkyl, lower alkoxy, cycloalkyloxy, amino, lower 

10 alkyloxycarbonylamino or lower alkylcarbonylamino, 

and z represents a halogen, a hydroxyl group, an azido 
group, an imidazol-l-yl group or a group -O-CO-Zi, it being 
possible for Zi to be, besides A, a bulky alkyl or alkoxy 
radical containing from 3 to 6 carbon atoms, or 

15 alternatively Z may be a group 0-Z2. Z2 being an aromatic 
group containing one or two rings substituted with one or 
more nitro or halo radicals; or 

0-demethylating, in position 9 of a diaasepinoiadple 
ring, an intermediate compound (I'c) of formula 



20 
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with a boron or alutninum halide; or 

- diazobizing, in a first step, a compound (1^) of 
formula (I), in which B is an -NH2 group, and then in 
hydrolyzing, in a second step., the intermediate diazonium 

5 salt,- and 

b) to obtain the compounds (le) of formula (I), in which B is 
an -NHa group, 

acylating a compound (lie) of formula (11) , in which B 
is an -NH2 group, with the reactant (III) defined in a) of 
10 this claim; or 

- reducing the nitro radical of an intermediate 
compound (I'a) of formula 



15 





by the action of a metal such as Zn or Sn in acidic medium, 
20 or that of a metal chloride or sulfide such as TiCl^ or NaaS; 
and 

c) to obtain compounds (Ibb) of formula (1) ^ in which B is a 
group -O-CO-V,- V being a group chosen from: 
-A, as defined in a) of this claim, 
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- {CH2)p-C02H, where p is an integer equal to 2, 3 or 4; 
«. CH = CH-COaH, 

- (CH2)n-'CH3/ where n is an integer equal to or greater than 
0 and less than or equal to 18, 

5 - (CH2-0-CH2)p-CH2-0-CH3# where p is an integer equal to 2 . 3 
or 4, or 

- (CH2-0-CH2)p-C02H, where p is an integer equal to 2, 3 or 4, 

- esterifying a compound (lb) defined in a) , with a 
reactant (III'> of formula V-CO-Z, in which Z has the tneaning 

10 defined in a) of this claim; and 

d) to obtain compoiands (Ibc) of formula -(I) , in which B is a 
group ~0-Ra, R<( being a group chosen from: 

" CH3-CO2H, 

- (CH2)p-KIR5Rfi. where Rs and Rg are independently -H or lower 
15 alkyl, or 

- {CH2)p-NRsR6. where R5 and Rg form, together with the 
nitrogen atom to which they are attached, -a heterocycle, 

- reacting a compound db) , defined in a), with a strong 
base such as an alkali metal hydride, to form a phenate, 

20 which is reacted with a halide XR4; and 

e) to obtain compounds (lea) of formula (I), in which B is a 
group -NH-C{NH) 

- reacting a compound (le) , defined in b) , with a 
guanylating agent; and 
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f) to obtain the compounds (leb) of formula (I) , in which B 
is a group -I^H-CO-V, V having the meaning defined in c) of 
this Glaioi/ 

- amidating a confound , defined in b) , with the 
ireactant (III') : V-CO-Z defined in c) of this claim? and 

g) to obtain conrpdunds dec) of formula (I), in which B is a 
group R2 being lower alkyl or a group R4 as defined 
in d) of this claim, 

- reacting a compound (Ic) / defined in b) , in the 
presence of a strong base with an alkyl halide XR2; and 

h) to obtain compoxmds (led) of formula (I) , in which B is a 
group -NR2R3. and R3 being lower alkyl 

- performing the reductive alkylation of a compound 
(I^c) , defined in g) of this claim, with an aldehyde R'aCHO, 
in which R'3 is the immediately lower homolog of R3; and 

i) to obtain compounds (lee) of formula (I), in which B is a 
group -N-Ra-R^t. Ra and R3 forming a heterocycle, 

- carrying out a cyclization by reaction of a compound 
de) , defined in b) , with a reactant of formula 

X-(CHa)i-Q-(CH2)^«X' 
in which X and. X', which may be the same or different, are 
halogens, Q is: 

- a single valency bond, ^nd 1 and m are integers ranging 
from 1 to 3 with 1+m greater than or equal to 4 and less 
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than or equal tio 

- an oxygen/ a sulf ur or a group -NH- ^ in which case 1 and m 
are integers ranging from 1 to 3 vith 1+m greater than or 
equal to 3 and less than or equal to 5; or 
5 - alkylating an intermediate diazepinoindole (IltO of 

formula II wherein B is a group -N-R2-'R3* and forming 
with the nitrogen atom a heterocycle, with a reactant (III) 
of formula Z-CO-A as previously defined. 

12. Use of a diazepinoindole according to any one of Claims 
10 1 to 7 for preparation of a medicinal product for treatment 

or prevention of complaints that respond to administration 
of a phosphodiesterase 4 inhibitor. 

13 . The use of claim 12 for treatment or prevention of 
inflammatory pathologies . 

15 14. The use of claim 12 for treatment or prevention of 
asthma or rheumatoid arthritis. 

15. The. use of claim 12 wherein the diazepinoindole is 
(3R) -4-amino-H- (9-amino-4-oxo-l-phenyl-3,4, 6,7- 
tetrahydro [1 , 4] diazepino [6,7, 1-hi] indol -3 -yl ) benzamide , 
20 16. The use of claim 12 wherein the diazepinoindole is 
. (3R) -N- (9-amino-4-oxo-l"phenyi-3 ,4,6, 7- tetrahydro 
[1,4] dia zepino [6,7,1 -hi ) indol - 3 -yl ) -ni cot inamide , 
17. A method of treatment or prevention of complaints that 
respond to administration of a phosphodiesterase 4 inhibitor 
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comprising administering to a patient in need an effective 
amount of a compound according to any one of claims I to 7. 
18. The method of claim 17 for treatment or prevention of 
an inflammatbry pathology. 
5 19. The method of claim 17 for treatment or prevention of 
asthma or rheumatoid arthritis. 

20. The method of claim 17 wherein the compound is (3R) -4- 

araino-N- <9-amino~4-oxo-l-phenyl-3,4 , 6, 7-tetrahydro [1,4] 

diazepino [$,7, l-hi] indol-3-yl) benzamide . 
10 21. The method of claim 17 wherein the compound is (3R) -N- 

( 9 - amino - 4 -oxo- 1 -phenyl - 3 # 4 , 6 , 7 - 1 etrahydro- [1,4] diazepino 

[S, 7, l-hi] indol-3-yl) -nicotin^imide . 

22, A pharmaceutical composition comprising a 

diazepinoindole a,& defined in any one of Claims 1 to 7, in 
15 association with a pharmaceutical vehicle. 

23 • Diazepinoindoles of formula (I> according to Claim 1, 

substantially as hereinbefore described with reference to 

the examples . 



20 DATED this 16th day of May, 2001 
Parke -Davis 

By DAVIES COLLISON CAVE 
25 Patent Attorneys for the Applicant 
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